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PREFACE. 


^ SECOND edition of this Manual having become neces¬ 
sary, the opportunity has been taken to revise it and 
bring it up to date. The Manual is intended primarily as a 
text-book for use at the Imperial Eorest College, Dehra Dun, 
and as such its scope is limited mainly to the requirements of 
the College. Some alteration in the general arrangement of 
the subject matter has been made with a view to increasing 
its utility for instructional purposes. In this edition the 
chapter on Transport of Wood has been omitted, since 
this subject is dealt with in detail under Eorest Engineering, 
and is taught under that branch at the Eorest College. 

Special acknowledgments are due to Mr. W. Raitt for his 
kind assistance in dealing with the subject of paper-pulp, 

to Mr. E. A. Smythies for information *on resin-tapping, to 

% 

Mr. Puran Singh, Eorest Chemist, for notes on the distilla¬ 
tion of camphor and turpentine and the preparation of 
tannin extracts, to Mr. Cubitt for assistance in compiling 
information on baling hay, and to Messrs. Pearson and Irani 
for notes on hay presses. 

Dbhra. Dun, 

7th March 1912. 


PREFACE TO THE FIRST EDITION. 

HE present Manual has been written primarily for the 



use of the students of the Imperial Forest College, 
Debra Dun, but if it should prove of some slight use to 
others the writer will feel more than satisfied. 

The only work on Indian Forest Utilization which has 
hitherto appeared is Fernandez’s Notes on the Utilization of 
Forests , published in 1891 : this book has served its purpose 
well, but with the rapid advance of Forestry in India it has 
of late years been getting more and more out of date, and 
the production of an entirely new work on Forest Utiliza¬ 
tion is now urgently called for. The general arrangement 
of the present Manual is based more or less on that of 
Gayer’s Forstbenutzung , but the details follow as much as 
possible the practice and experience of Indian Forestry. 

The compilation of a Manual of this kind would not 
have been possible without a large amount of assistance from 
others, and first and foremost the writer desires to express his 
deep indebtedness to the Officers of the Indian Forest 
Department, of all ranks, for the generous assistance which 
they have rendered in furnishing him with much valuable 
information. 

Among the pricipal works which have been consulted in 
the preparation of this Manual are Gamble’s Manned of 
Indian Timbers , Schlich’s Manual of Forestry , Volume V> 


■a. 

PREFACE TO THE FIRST EDITION. 

{Forest Utilization, by W. R. Fisher), and Watt’s Dic¬ 
tionary of the Economic Products of India, while much use¬ 
ful information has been obtained from the pages of the 
Indian Forester, and from the various Indian Forest 
Bulletins and other publications, particularly E. M. Coven¬ 
try’s Bulletin on Ficus elastica. 

In conclusion the writer wishes to acknowledge the help 
received from Mr. Moyle, Director of Railway Construction 
in India, in the form of a most useful note on railway 
sleepers, and the assistance given by Rai Sahib Upendranath 
Kanjilal, Instructor at the Imperial Forest College, in 
conducting much of the correspondence connected with the 
collection of information for this Manual. 




12th April 1907. 
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INTRODUCTION. 




Jj!OREST UTILIZATION is that branch of Eorestry 
which deals with the most advantageous and suitable 
methods of collecting, converting, and disposing of forest 
produce, which can conveniently be divided into two main 
classes, Major Forest Produce, comprising timber and fire¬ 
wood, and Minor Forest Produce, which includes all other 
produce of the forest. 

The subject matter of this Manual is dealt with under 
four separate heads :— 

I.— Utilization of Wood or Major Forest Produce. 

II — Utilization of Minor Forest Produce. 

TTT — Organization of Labour, and Modes of Sale and 
Disposal of Wood and other Forest Produce. 
IV.— Special Forest Industries. 
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PART I. 

UTILIZATION OF WOOD. 

It is of the utmost advantage to the forester to he able 
to convert and classify his wood in such a manner that the 
demands of the market may be satisfied, while at the same 
time the best value may be obtained for the material dis¬ 
posed of : hence the necessity for an accurate knowledge of 
the various properties and uses of woods, as well as the best 
methods of felling trees, converting them into timber and 
firewood, and bringing the material to the market. These 
considerations lead to the division of Part I into four 
chapters:— 

I .—Technical Properties of Wood . 

II .—Industrial Uses of Wood . 

III. —Felling and Conversion of Timber. 

IV. — Wood Depots. 

The subject of wood transport is one which is fully dealt 
x with under Porest Engineering, and for this reason, although 
it bears directly on the utilization of forests, it need not 
concern us here, 



CHAPTER I. 

Technical Properties of Wood. 


There are few materials which vary more in texture, 
appearance, and utility for various purposes, than wood. 
Not only do the different species of woods vary greatly, but 
even woods of the same species grown under different con¬ 
ditions may possess widely diverse characteristics. The 
differences in the value of woods, and their suitability for 
various uses, depend on certain technical properties, of which 
the following are the most important : — 

1. Anatomical structure. 

2. Shape and size of trees. 

3. Specific gravity. 

4. Hardness. 

5. Flexibility. 

6. Elasticity. 

7. Eissibility. 

8. Strength. 

9. Seasoning power, and liability to be affected by 

moisture. 

10. Durability. 

11. Combustibility and heating power. 

12. Colour, grain, and other properties. 

13. Freedom or otherwise from defects or unsoundness. 


Section I.— Anatomical Steucttjkb of Wood. 


1 . 


Dicotyledons and Oymnosperms. 


If the sawn end of a log of timber be examined, it will 
be seen that the wood is marked with certain definite marks. 
In the centre will be found a small soft mass of tissue 
known as the pith, round which are numbers of concentric 
nngs, sometimes called annual rings. These concentric 
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—gs, which usually represent the wood produced during 
one growing season, vary greatly in width, being broad in 
fast-grown and narrow in slow-grown timber: in many 
timbers they are not clearly visible. Radiating from the 
centre outwards are numbers of fine lines, known as 
medullary rays, which vary in distinctness according to the 
species of timber. Outside the wood is the cortex 
(popularly termed “bark”), while between the wood 
and the cortex is the cambium , a thin layer of soft tissue 
which, as it grows, produces wood to the inside and 
cortex to the outside. If the log be split open, it will be 
found that the concentric rings which have already been 
seen in cross section are really concentric hollow cylinders of 
wood laid on one above the other, and which in longitudinal 
section produce the “grain” of the wood. Further it is 
seen that the medullary rays are in reality vertical plates 
running through the concentric layers of wood, and varying 
in length, depth, and width. These medullary rays produce 
the shiny appearance known as “ silver grain,” a quality 
which renders some woods valuable in the eyes of the cabinet¬ 
maker. 

the medullary rays differ much in different species. Thus 
m teak and sundri {Ileritiera minor) they are moderately 
broad and uniform ; in the oaks, Rhododendron arborenm , 
and Dillenia indica they are of two kinds, a few broad and 
at irregular intervals, separated by numerous fine ones; in 
Daibergia Sissoo , Buxus semper viretis, and conifers they are 
tine to very fine and usually numerous. 

In most species the wood in the inside is darker, harder, 
and somewhat drier than that of the outer layers; this dark 
inner wood is called heartwood , and the lighter-coloured 
outer wood is called sapncood. 

Heartwood is formed by the deposition of colouring mat" 
ters and other substances in the cells or on the walls of the 
colls and other tissues of the wood, whereby the walls °*et 
thicker and lignilied, and the wood thus becomes denser and 
heavier. Some trees have no distinct heartwood, for instance 
Mangijera indica, Adina cordifolia, Bombax malabaricum, 
incus oengalensis, Terminalia belerica, Gochlosperrnum 
Gossypium, JEgle Marmelos, Zizyphus Jujuba, Butea 
Jrondosa, firythrma spp., Pongamia spp.. Gardenia spp., etc. 

Wood is made up of three chief kinds of component ele¬ 
ments, wood-vessels, wood-fibres , and wood-cells. These, 
however, do not all occur in every kind of wood. 
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ood*vessels .—If tlie transverse section of a piece of teak- 
wood be examined, it will be found that the annual rings 
are sharply defined by one or more lines of pores, which can. 
be distinctly seen with the naked eye. These pores, which 
are known as vessels , are seen on a longitudinal section to be 
tubes running longitudinally through the wood. Between 
the rings of pores will be found a quantity of denser 
wood which may contain scattered pores. That part of the 
annual ring which contains these pores in large numbers is 
known as spring-woocl , having been formed at the beginning 
of the growing season, whereas the denser tissue filling up 
the remainder of the annual ring is called summer-wood or 
autumn-wood . 


Although these vessels are fairly large and evenly dis¬ 
tributed in teak-wood it does not follow that they can be so 
easily seen in all woods. The arrangement and size of the 
vessels in fact vary so much in different species, that woods 
can, to a certain extent, be classified according to the arrange¬ 
ment of their vessels. Thus the vessels are large and fairly 
evenly distributed in Bombax malabaricum , Xylia dolabri- 
formis , and Ficus bengalensis; large, numerous, and un¬ 
equally distributed in Terminalia tomentosa , Oedrela Toona , 
and Acacia arabica; small and evenly distributed in the 
maples, the willows, JEgle Marmelos , Chloroxylon Side tenia, 
Adina cor difolia, and Holarrhena antidysenterica; and 
extremely small and evenly distributed in boxwood. In 
some woods the pores occur in groups or in chains, for 
instance in Mesua ferrea, Melia indica, Anogeissus latifolia, 
Lagerstrcemia parvifiora , Bassia latifolia, and the oaks. 
The arrangement of the vessels often determines the distinct¬ 
ness or otherwise of the concentric rings in timber. Apart 
from the fact that each concentric ring in some species does 
not represent exactly one year’s growth, the even distribu- 
tion ol the vessels through spring-wood and autumn-wood 
alike frequently makes the accurate counting of annual rings 
an impossibility,, even if the vessels themselves are large 
enough to be visible without difficulty. In coniferous timber 
vessels are except immediately round the pith, entirely 
an sent, but the concentric rings, which are normally always 
annual, are distinct, owing to the dense structure of the 
autumn-wood as compared with the spring-wood. 

w ood-fibres are the principal elements of wood. They 
are. elongated structures with closed pointed ends, and with 
their walls more or less thickened, sometimes to such an 
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that their lumina , or internal spaces, are much 
contracted. Fibres vary in form, some kinds containing 
protoplasm and starch, and others containing none of these 
substances. 

Coniferous wood is almost entirely composed of elements 
resembling fibres, and known as tracheids. These are charac¬ 
terized by the presence of large bordered pits on their walls. 
In the spring-wood the tracheids have thin walls and large 
lumina, whereas in the autumn-wood they are much com¬ 
pressed, haying thick walls and smaller lumina. This com¬ 
pression of the tracheids in the autumn-wood results in that 
wood being much harder, and usually darker in colour, than 
the spring-wood, rendering the annual rings distinct, although 
the structure of coniferous wood is more regular than that 
of broad-leayed species. 

Wood-cells form the rather thin-walled soft tissue known 
as parenchyma. These cells are not so conspicuously elong¬ 
ated as vessels and fibres, and they frequently contain starch, 
being the storehouses of reserve material. Wood-cells are 
usually absent in coniferous wood, except in medullary rays 
and round resin-ducts. These resin-ducts are spaces sur¬ 
rounded by resin-forming cells ; they run both longitudinally 
up the tree and radially along the medullary rays. 


2. Monocotyledons . 

The structure of monocotyledonous wood is totally differ¬ 
ent from that of dicotyledons or gymnosperms. One great 
difference is the absence of medullary rays. The stems are 
generally full of parenchymatous tissue of a more or less 
loose texture. This tissue is traversed by what are known as 
fibro-vascular bundles , that is, rather thick strands of harder 
tissue consisting of vessels and fibres connected together into 
bundles. In the palms these bundles follow a wavy course 
up the stem, while in the bamboos and canes they run 
parallel to each other up the in ter nodes. 

Another peculiarity of monocotyledons is that there is no 
lieartwood. The centre of the stem is either hollow as in 
most bamboos, or full of soft parenchymatous tissue, which is 
often very rich in starch, and is the least lignified part of 
the stem, whereas the outermost wood is the most compact 
and the hardest; this structure is typically seen in palms. 

The growth in thickness of monocotyledons differs from 
that of dicotyledons. We have seen that dicotyledons in- 
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in thickness by laying on concentric rings of wood 
from the layer of growing cells known as the cambium, 
which is situated between the wood and the cortex. In 
monocotyledons, however, the growth in thickness takes 
place at certain points within the stem, and we thus find no 
annual rings. In monocotyledonous trees, such as palms 
and bamboos, the stems reach their maximum thickness at an 
early, stage in their height growth, and do not continue 
growing in thickness throughout their life as do the stems of 
dicotyledons. 


Section II.* 5 — Shape and Size op Trees. 

The three main parts of a tree from which wood is ob¬ 
tained are the stem , the branches , and the roots. Of these the 
wood of the stem is the .most important, as it is from the 
stem that wood fit for timber is almost invariably obtained. 
It is therefore the aim of the forester in most cases to produce 
trees having the maximum proportion of stem-wood. The 
chief factors which influence the shajie and dimensions of 
trees, as well as the proportion of stem-wood, branch-wood, and 
root-wood, are (1) the species, (2) the density of the crop , (8) 
the age of the tree, (4) the soil and locality , (5) the sylvicul¬ 
tural system adopted. These will be dealt with in turn. 


(1) Species. 


, grown in isolated positions different species of tre< 

differ greatly m then- mode of growth, particularly as regarc 

the relative size of bole and branches * 3 

tr i ees ’ 0f W ! lich the 5x8 and some other conife 

branches. Among broad b>nve,l J datively small sic 
Saccopetalum fomentZil StercuUa alata ai 

branches are usually massive (' its whorlc 

l» M a ro Irequc S SS 

palms, Casuanna/ and certain pines, mar 

Eucalyptus, etc. O n the other hand +1^ ° ^ipterocarpi 
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dna, Cassia Fistula, Lagerstrcemia Flos-Regmcd, and Albiz a 
zia Lebbelc , are examples. 

Certain trees tend to branch low down even when grown 
in moderately dense forest, for ' example Taxus baccata , 
JSassia latifolia , Ficus glomerate, Rhododendron a-rboreum , 
Careya arborea and Schleichera trijuga. 


(2) Density of the Citor. 


It is a well-known fact that trees grown in a dense crop 
produce long clean boles and small crowns. Thus the propor¬ 
tion of stem-wood in such trees is much greater than that of 
similar trees grown in the open. This applies especially to 
those trees whicli have a natural tendency to branch low 
down when grown in the open. 


(3) Age of the Trees. 


Actual measurements in Europe show that in trees grown 
in canopied forest the amount of branch-wood in early youth 
exceeds that of stem-wood fit for use. As the tree reaches 
middle age the proportion of stem-wood predominates, and 
increases as the tree grows older, when the proportion of 
branch-wood may eventually fall to as little as 10 per cent. 
Although similar accurate measurements are not yet avail¬ 
able in India, general observations lead to the same conclu¬ 
sions, although the actual proportion of wood from the several 
parts of the tree will no doubt vary under different conditions. 
The actual quantity of wood in the roots as a rule increases 
as a tree grows up towards maturity, but the proportion of 
root-wood to stem-wood probably varies according to the 
proportion of branch-wood to stem-wood. 


(4) Soil and Locality. 


As a general rule the more favourable the locality the 
greater the proportion of stem-wood in a tree and the larger 
the quantity produced. The extent of root development, 
however, is, as a rule, the converse of this, particularly in 
localities which are unfavourable owing to lack of moisture 
in the soil, in which case the roots spread far and wide in 
search of water. The abnormal development of the root 
system of trees as an adaptation to peculiar conditions of soil 
aud locality is strikingly exemplified in Frosopis spicigera 
ail d Heritieva minor. The former tree, which growls in the 





10 


<§L 


legions of the Punjab, Sind, Rajputana, and elsewhere, 
m its search for moisture in the subsoil produces an abnor¬ 
mally long tap-root, one specimen of which has been measured 
to lie 86 feet in length. Heritiera minor, the Sundri of the 
Sunderbans, grows in tidal regions occasionally inundated by 
salt water. It adapts itself to the peculiar circumstances of 
tne locality by producing roots which spread laterally, near ' 
ne surface of the ground, sending up perpendicular blind 
snoots a foot or more in height above the ground; these 
snoots, which resemble inverted tent-pegs, possibly act as 
breathing organs when the ground is flooded. The Mangroves, 
also, which grow in muddy tidal forests, have a largely deve- 
opea root system, the stems being supported by buttressed 

roots standing out of the mud. 

(5) Sylvicultural System. 

rt jd! Yar ^ ons sylvicultural systems known to European 
“°t yet been practised in India to such an 
p i f +] 0 ei ? a ) J? us t0 J u dge accurately of the merits of 
t) • fl . . UC / 1 ° 11 0 l ai 'ge-sized and well-shaped timber, 

-rrivnd nf follo . wm g may be said to be the conclusions 

l . M° m Pf riS0 ^ of tlle chief sylvicultural systems, 
l^edhi^derable Benton European experience and 

—High Forest . 

(«) The clear cutting system. —The qualitv of the 
timber produced, as far as shape, length ml L ® 

hole are concerned, is equal to or befLr th n n&?! S ° f 

cularly with regard to teak as to wWn ^ 7 , ex P re ? secl > parti- 
timber will be equal in technical l , er plantation grown 
Exhaustive teste of plantation i; n u P ° rtles to natural timber, 
conditions will lie neceSrv 5 ^'°? under different 
maturity: i n the meantime such Ws P ! antatl0Ils approach 
carried out tend to show that in ? bave hitherto been 
plantations i s i n 110 way y '■ , mo ®t cases teak grown in 
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and straightness the high quality of the timber produced is, 
like that of the clear-cutting system, characteristic of even- 
aged woods, and superior to that produced in uneven-aged 
woods. Under the uniform method those trees left for the 
final felling have a chance of attaining a large diameter 
owing to their ojoen position during the later portion of their 
life. 

(c) The group system ,—The timber produced under this 
system probably approaches but hardly equals that produced 
under the last system. Statistics, however, are wanting. 

(cl) The selection system .—Accurate comparative figures 
as to volume are not available. Under this system less clean, 
shorter, and more tapering boles are produced than under the 
system of successive fellings. 

(e) Two-storied high forest.— This system is well suited 
for the production of large-sized as well as straight clean 
timber, the trees in each storey being even-aged. 

B.—Coppice Systems. 

(a) Coppice.—This system is suitable for the production 
oi iucl and small sized timber, but not for large timber. 

(o) Coppice with standards .—The trees produced in the 
overwood compare unfavourably with those produced under 
the high forest systems, as the boles are shorter and less clean. 

The sylvicultural systems have here been dealt with 
fl i° m the P oillt ™w of the quantity and quality 
or the timber produced, irrespective of other considerations. 

Uelore leaving the subject of the shape and size of the 
trees we may define what is meant by the ideal timber tree 
irom an economic point of view. The‘bole of such a tree 
should have four chief qualities—cleanness, straightness, 
cylindrical shape, and suitable dimensions. Sylviculture 
teaches us how trees possessing these qualities are produced, 
stated briefly, the first three are obtained by growing the 
young crops in a crowded state, and afterwards judiciously 
tninning the woods so that the stems may increase in girth 
to the desired size. The time when the woods should be 
opened out depends largely on the species and the local con¬ 
ditions, but for the production of long clean boles no severe 
interruption of the leaf canopy should take place until the 
jees have approached their full height growth. The dimen- 
|°ns to be attained will depend on the purpose for which 
iae Wooc i is required and on the demands of the market. 
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1. General. 

By the specific gravity of a wood we mean the ratio which 
. of a certain volume of the wood hears to the 

, oi 311 equal volume of cold water. As one cubic foot 
7 ater , wei = lls 1 > 000 ounces OP 62i lbs., the actual 
fi-) I u 1 a ., 10 foot of an y wood is obtained by multiplying 
Sr* Jbs ' b y tllc specific gravity of the wood; and conversely 
ne specific gravity of any wood may he found by dividing 
Hio a by 62 \ lbs. The determination of 

Vn ' s P e “ tLC gravity of wood is explained in the Manual of 
forest Mensuration. 

■ / ke wei ghts of various woods are frequently expressed 

■ ‘= tlS Per cubic foot, those which float on water weigh- 
per cubi(Tfoot™ OSe Whicl1 sink weighing more than 62£ lbs. 

gravity as a property of wood is only of second- 
. Jh „ Prance when compared with certain other properties 
time ;/ i' en ° tk ’ lability, and soundness, but at the same 
“ p •' lose Z CS ^ refuI consideration owing to its close 
I.ilitv n 0t lC1 P ro perties such as hardness, combusti- 

wJii heatm g Power, seasoning power, and durability. 

,.!•*/ , c . S 1 *™? also comes into consideration where great 
frunM disadvantage, for example in timber for roofing, 

5sr^."srr&**re- ,<? ** i%« ***? 

transport may bo considerably higher tlnn'To^l^m C ° St ,° £ 
while extraction may be rondovoTi T ior k S ht woods, 
the only export routes are gmllf T + • lm P ossible where 
there i s no room to buoy up bc'ivvVdf 1 '^" streams where 
boats or to lighter logs/ It should hoV attaching it to 
tion, ^bat the capacity of a wood f , I i 0 ^ ec ^ ln this connec- 
floating streams does not T transported in 

gravity, since some woods •,], *f' n ^ depend on its specific 
during floating; cetS , t water than others 
gravities are less than unitv.. T 0 ®’ whose specific 

stances owing to their tendency UQai(ied for long 

„ lc y to become water-logged. 

Wt0rS CaminU differences in the Specific Gravity of 
, , fTioods. 

A lie researches ( .i* q i 

tfle actual substance of w/d "m ® ta . rti S liave shown that 

wood, that is, the cellulose of the 
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Fwall, differs little in specific gravity for different species 
of woods, being about half as heavy again as water. It is 
evident, therefore, that there must be certain factors which 
account for the great differences in the specific gravity of 
different woods. The chief factors are (1) anatomical struc¬ 
ture of the wood, (2) soil and locality, (3) age of the tree, (1) 
amount of moisture in the wood, (5) amount of resin 'and 
other substances, (6) part of the tree from which the wood 
is taken. 

(1) Anatomical Structure. 

The specific gravity of a wood depends mainlv on the 
quantity of woody substance in its tissues, that is, the thicker 
the cell-walls and the smaller the lumina, the higher the 
specific gravity of the wood. According to Hartig, the broad- 
leaved species of Europe have from 25 to 30 per cent, more 
woody substance in their tissues than conifers, and in India 
it would be reasonable to suppose that the difference between 
some of the heaviest and some of the lightest woods in this 
respect is even greater. In many species the tissues of the 

rrr- 00d den ^ l \ and therefore heavier than those 
of the spring-wood, which are porous. This is exemplified 
pai ticularly in conifers. If we examine a piece of slow-grown 
coniferous wood we find that the rings of dense dark-coloured 
autumn-wood are separated by narrow zones of porous spriiio- 
wood: if the wood be fast-grown these zones of denser 
autumn-wood which remain fairly constant in width are 

Thus in by bl '° ad zones of P or o u s spring wood, 

tlnn fast < i' UlerS as a general rule slow-grown wood is heavier 
We pol r r d - In broa f leaved species containing 
aiihrn 1 .U, tlle spnug-wood and denser tissues in the 

T i the P °T ls zones of spring-wood are widely 

separated by denser autumn-wood, being heavier than »Inw 

fs trae r d Where P °-? 1 U - S ZOnes are close together. This 
the growth 6 is r ’not n too^wrf 1 ^ ertal , u limits * and provided 

tion<; in +i ^ 00 the rule also admits of exceu- 

~ In thc ; c ase of broad-leaved species bavin- the 
pm es more or less evenly distributed through the sprint ah! 
autumn-wood no definite rule can be laid down. P g 

(2) Soil and Locality. 

o? “ ; end , *° *> woigi.t 

die sufficient nourishment and moisture in the soil 
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-and the necessary amount of warmth and sunlight. Excess 
of moisture in the soil often renders wood soft and spongy, 
decreasing its specific gravity, while the same condition may 
he brought about by insufficient sunlight. Experiments some¬ 
times show that woods from certain localities are heavier 
than woods of the same species from other localities. Thus 
Qinir (Firms longifolio) wood from Sikkim is somewhat 
heavier, harder, and stronger than that of the North-West 
Himalayas : Bombcix molabaricum is lighter in Bengal and 
Assam than in the Central Provinces. The factors which 
cause these differences may not, however, he the same in 
either case. 


(3) Age or the Tree. 


The actual woody substance formed by young trees is 
usually heavier than that formed by old trees. On the other 
hand the formation of heavy heartwood during middle age 
may render the average specific gravity of the wood of old 
trees considerably higher than that of young trees: hence 
no definite rule can be laid down as to the effect of the age 
of a tree on the specific gravity of the wood, particularly 
in the case of trees which form a distinct heartwood. 


(4) Amount of Moisture in the Wood. 


Hitherto the amount of water in the wood has not been 
considered; it exercises, however, a great influence in in¬ 
creasing the specific gravity of woods of one and the same 
species. In practice we distinguish between (i) Green or 
freshly felled wood, which contains on an average 45 per cent, 
of water, (ii) Forest-seasoned wood, that is, wood which has 
become partly seasoned by lying in the forest for some time, 
and (in) Completely seasoned wood, which has lain in an airy 
shed until it has lost all the moisture which it can part with 
under ordinary atmospheric conditions ; in this case the 
amount of water in the wood may be under 10 per cent. 
YV here the term “ air-dried ” is used below it is intended to 
reter to completely seasoned wood. The difference in specific 
gravity between green and dry timber may become a matter 
™ gre r 1 ^P or tance where capacity for floating is concerned. 
irms ln Jiurma > where the extraction of teak is almost 
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entirely carried out by floating, it is necessary to kill the 
teak trees by girdling and allow them to dry for three years 
before felling, so that they may become light enough to float 
easily. 

The following figures, compiled from the results of tests 
carried out by the writer, will serve to illustrate the difference 
between the respective weights (in pounds per cubic foot) 
of specimens cut from freshly-felled trees and the same speci¬ 
mens after being kept till thoroughly air-dry :— 


Weight in lbs. pee 
CUBIC PEET. 

Green. 

Air-dry. 

51-9 

307 

79-9 

59-9 

67-4 

43-4 

66-4 

251 

661 

361 

64-6 

32-7 

56*0 

350 

69-0 

53 5 

702 

605 

65-6 

498 

65-6 

35-7 

50-7 

36-7 

68-7 

433 

66-0 

371 

75-7 

54-7 

556 

28*6 

52-5 

253 

56-5 

30-1 

422 

28-2 

G9-6 

56-6 

70-7 

541 

68-5 

55-5 

70-1 

45-4 

45-1 

23-9 

69-6 

47-1 


Species. 


Abies Pindrow (average of 2 specimens) 

Acacia Catechu , 

Albizzia procera . , 

Bombas malabaricum , , 

Boswellia serrata . , 

Buchanania latifolia 

Cedrus Deodara (average of 3 specimens) . 

DXrgfi 0 SU»„ i0l ?“ ia ( 7T ° f 

Gardenia latifolia .... 

Qaruga pinnata .... 

Kydia calycina .... 

Lagerstroemia parviflora . 

Odina Wodier .... 

Ougeinia dalbergioides . . 

Picea Morinda 

Pinus excelsa (average of 3 specimens) 

Pxnus longifolia . ' 

Populus ciliata 

l^ a(aver ^ of2 ' s P Mi —) 

&oa U ”bTr rPi !° lia (aVerage ° f 2 ' *•*““) 
Spondias mangifera 

Terminalia tomentosa (average’of 2 specimens) 


Loss of 
weight 
per cent, 
in drying. 


41 

25 

36 
55 
45 
40 

37 

23 
14 

24 
45 

-27 

37 

44 

25 
48 
52 
47 
33 
19 
23 
19 
35 
47 
32 


xnese ngures indicate that as a general ™1p i 

lose relatively more weight in rWin<r ti o / i so ^ wo °ds 

2 r 'S"' 00 t 

th»° 2 5 0,036 *<»» 

(°) Amount op Resin and other Substances 















Tinged resinous wood of the branches is heavier and harder 
than the wood of the stem, while the wood at the base of the 
tree and in the larger roots, being highly impregnated with 
resin, is considerably heavier than the stem-wood. Among 
other substances which tend to increase the specific gravity 
of wood may be mentioned the colouring matter deposited in 
the tissues of the lieartwood of many species, for example in 
ebony, where the black colour is due to deposits of black colour¬ 
ing matter within the cells, and not to any change in the 
cell-walls. The influence of reserve nutrient material (pro- 
teids, starch, etc.), on the specific gravity of wood is, accord¬ 
ing to Th. Hartig, considerable, but the researches of E. Hartig 
have thrown serious doubt on this opinion. Wood injected 
with creosote or metallic salts increases in specific gravity. 


(6) Part of the Tree from which the Wood is taken. 

In the case of air-dried wood the following general rules 
hold good in the majority of cases :— 

(a) According to European experience branch-wood is 
usually heavier and root-wood lighter than 
stem-wood. Exceptions to this rule occur in 
the case of ( i) slow-grown branches of trees 
which have large pores in the spring-wood, 
(-u) the thick ends of the roots where they join 
t ie stem ; those are sometimes heavier than the 
stem-wood, {Hi) roots of conifers which are rich 
in resin, and whose specific gravity is sometimes 
greater than that of water. According to Norcl- 
hnger the specific gravity of the smaller roots of 
a ice is less than that of the larger roots. 

As far as Indian woods are concerned further trials will 
be necessary before coming to any definlt “ncLion re^d- 

and riot-tod V b^rintfr? ieS ° f branch-wood 

In the following the green and in the air-dry state, 
tests made bv 5 state .f ent >. showl ng the results of a few 
cases in which stem-wnnrl ^ Sr< i eu wood > the number of 
more or less the sum 00 ^ 18 heavier than branch-wood is 
converse is the case 38 num ber of cases in which the 
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Statement showing weight in pounds per cubic foot of green stem-wood 
and branch-7000d from the same tree. 




Weight 

IN POUNDS PEB CUBIC 
POOT. 

Species. 


Stem-wood. 

Larger 

branch- 

wood. 

Smaller 

branch- 

wood. 

Adina cordifolia • / • • . 


63*3 

59*0 

598 

Anogeissus latifolia ..... 


66-4 

62-5 

81-1 

Carallia integerrima ..... 


69-2 

6S-2 

73-5 

Erytlirina suberosa ..... 


62-6 

67-1 

71-8 

Garuga pinnata ...... 


6JL*S 

5S-9 

541 

Hymenodictyon excelsum .... 


560 

54-7 

581 

Limonia acidissima . . 


67-4 

63-2 

58-8 

Odina Wodier ...... 


59-0 

56-9 

50-6 

Sterculia villosa ...... 


490 

558 

62 5 

Wriglitia tomentosa ..... 


52‘6 

48*8 

47’6 

Zizyplius Jujuba ...... 


61-6 

61-9 

61-7 


(b) Heart wood is usually heavier than sap wood 

where a distinct heartwood exists. Where 
there is no distinct heartwood the inner zones 
of wood often have the same specific gravity 
as the outer zones, and may even he lighter. 
In the case of palms the outer part of the stem 
is heavier than the inside. 

(c) Burrs, knots, wavy wood, and sound wood grow¬ 

ing over wounds, aro usually heavier than 
ordinary wood; decayed wood, on the other 
hand, is lighter. 

3. Classification of Woods according to their Weight in 
Pounds per Cubic Foot. 

The following is a list of some of the principal Indian 
woods, arranged in classes according to their average air-dry 
Weight in pounds per cubic foot (heartwood being under- 

p 
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case oE trees which 
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produce a distiuct lieart- 


(i) Extremely heavy. 

1. Hardwichia hinata. 

2. Tamarindus indica. 

3. Pterocarpus santalinns. 


70 Ihs. and over. 

4. 8oymida febrifuga. 

5. Diospyros Fbenum. 

6. Mesua ferrea. 


(ii) Very heavy. 60 lbs. and over, and under 70 lbs. 


1 Pterocarpus indicus. 

2. Schleicher a trijuga. 

3. Iicritiera minor. 

4. I)”lbergia Oliveri. 

5. Acacia Catechu * 

0. Xylia dolabriformis. 

7. Qucrcus dilatata. 


8. Q. incana. 

9. Anogeissus latifolia. 

10. Bassia latifolia. 

11. Sant alum album. 

12. Terminalia tomentosa. 

13. Shorea obtusa. 


(iii) Heavy. 60 lbs . an 

I. Piero carpus macrocarpus. 

2 Cassia Fistula. 

3. Prosopis spicigera . 

4. Chloroxylon Sioietenia, 

6. Dalbergia latifolia. 

6. MelanorrJma usitata. 

7. Buxus sempervirens. 

8. Dipterocarp its tuberculatus. 

9. Pterocarpus Marsupium. 

10. Shorea robust a. 

II. Acacia leucophlcea. 

12. Ougeinia dalbergioides. 

(iv) Moderately heavy. 40 

1. Ifopea odor ala 

2. Dipterocarpus turbinatus. 

3. Zizyphis Jujuba. 

4. Pterocarpus dalbergioides 

(Andamans Padank). 

6. Terminalia belerica. 

0. Eugenia Jambolana. 

7. Dipterocarpus alatns. 

8. lagerstrremia Flos-Regince. 

9. Tcdona grandis. 

10. Adina cor difolia, 

* Acacia Catochu vur ~ 

• Q"nara in cot 


over, and under 60 lbs. 

13. Acacia arabica. 

14. Pentacme suavis. 

16. Terminalia Chebula. 

16. Quercus semecarpifolia. 

17. Lagerstmmia parviflora. 

15. Melia indica. 

19. Albizzia Lebbeh • 

20. Dalbergia Sissoo. 

21. Odina Wodier. 

22. Careya arborea. 

23. Chickrassia tabularis. 

24. Grewia tilicefolia. 

■ and over> and under 60 lbs. 

1L Dillenia indica. 

12. sFgle Marmelos. 

13. Pinus longifolia. 

14. Taxus baccata. 

16. Schima Wallichi. 

16. Juglans regia. 

17. Sterculia urens. 

18. Mangifera indica. 

19. Anthocephalus Cadamba. 

20. Artocarpus integrifolia. 

21. A. Zahoocha. 

' iftlily henvior than the ordinary varioty. 
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(v) Light 

1. Bute a frondosa. 

2. Cupressus torulosa. 

3. Michelia Champaca. 

4. Semecarpits Anacardinm . 

5. Cedrela Too n a. 

6. Gmelina arborea. 

7. Ficus bengalensis. 

S. Boswellia scrrata. 

9. Kydia calycina. 

10. Pinus excelsa. 

(vi) Very light. 

1. Trewia nudijlora. 

2. Populus ciliata. 

3. Biiabanga sonneratioides. 

4. Spondias mangifera. 

5. Bombax malabaricum. 

6. Ail ant hies excelsa. 


30 lbs. and over, and under 40 lbs. 

11. Cedrus Deodara. 

12. JEsculus indica. 

13. Michelia excelsa. 

14. Artocarpus Chaplasha. 

15. Biichanania latifolia. 

16. Sterculia alata. 

17. Bombax insigne 
IS. Picea Morinda. 

19. Abies Pindrow. 

20. Ficus glomerata. 

Under 30 lbs. 

7. Sterculia colorata. 

8. Tetrameles nudijlora. 

9. Erythrina suberosa. 

10. Moringa pterygosperma. 

11. Sterculia villosa. 

12. Coclilospermum Gossypium. 


In each of the above classes the separate woods have been 
arranged as nearly as possible in order of their specific gravity, 
beginning with the heaviest and ending with the lightest. 

Section IV.— Hardness. 

1. General. 

of a wood is understood the resistance 
and °- ffei ' S l ° l DC , nc( rfion by another body, and to wear 
ana tear in general. It ls a desirable quality in woods 

cSt wi ed ^ *T y P , U1 ' P °f s > for cxam plc sugar and oil milk 
i i, 16elS and a ?ks, tent-pegs, ongraying blocks, tool- 
handles, runners of sledges, etc. Soft wood? on the other 

pulp’etc r °The e iist rou S h ff pac , k ] n S-OMes, matches, wood- 
1 lip, ore. I He resistance offered to any cutting or other in 

V '?? nt depencls on whether the instrument is applied in the 
direction of he fibres, at right angles to them, o El 
them; it also depends on the kind of instrument med 
Apart from the action of different tools, which will be 

-enevS ely in Chapter HI ’ the ^rdness of a wood 

factors'— deP61ld " ° n 0110 ° r m0V ° ° f the hdlowing five 


D 2 
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(1) Anatomical Structure. 

Hardness depends on the degree of cohesion of the fibres 
and on the amount of ligneous matter contained in the tissues 
of the wood : thus heartwood is harder than sapwood. Wavy 
or anastomosed fibres usually increase hardness, while short" 
ness of fibre diminishes it. 



(2) Specific Gravity. 

In the case of dry wood, as a general rule the factors 
which tend to increase specific gravity also tend to increase 
hardness. Thus, for example, slow grown coniferous wood is 
harder than fast grown wood of the same species. 

(3) Amount of Moisture. 

Dry wood is harder than green wood, partly because in 
moist wood the quantity of solid matter occupies more space 
than the same quantity of solid matter in dry wood For 
this reason green wood is often used for conversion in 
preference to seasoned wood where there is no danger of 
warping or splitting during the subsequent drying Thus 
dugouts are made of the green wood of Duabmga son- 
net atioules, which dries without warping or splitting • so tlm 
green wood of Xylmdolabriforrnis is usually preferred to dry 
jodfor sawi^n Burma, owing to the excessive hardness 

<wSS»Jt lnm8OtbO,1, “ B ’5 01 «*•« «• - 

(4) Amount of Resin. 

oil Thus old dry resinous stumps of deodar arc very haih as 
are the resinous close-ringed knots found in coniferous wood 

(5) Soundness. 

tissu^ S ° ftenS W00d by disintegrating and destroying the 


2. Classification of Woods according to Hardness. 

St r?, of - tlie mor ° 

according to relative hardness :- al y “ daSSes arran8 ' cd 


L Dalbergia latifolU. 

2. Hurdwic/cia binaia. 

3. Alcsua ferrea. 


1*—Extremely hard. 

4. Pterocarpus santalinus. 
6. Soymida febrifuga. 

G‘ Xylia dolabriformis. 
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1. Acacia Catechu. 

2. Anogeissus latifolia. 

3. Cassia Fistula. 

4. Casuarina equisctifolia. 

5. Cldoroxylon Sioietema. 

6. Dalbergia Sissoo. 

7. Eiospyros Ebenuni. 

8. Ileritiera minor, 

9. Lag erst mmid parviflora. 
10. Mela/norrhoca nsitata. 


1. Acacia arabica. 

2. A. leucophlcea. 

3. JEgle Marmelos. 

4. dlbizzia Lebbek. 

5. Artocarpus Lahoocha. 

0. Bassia latifolia. 

7. Borassus JlabeUtfcr (outer 

wood). 

3. Buxv.s sempervirens. 

9. ChicJcrassia tabularis. 

10. Lipierocarpus tuberculatus. 

11. Hopea odorata. 


Ilf Murray a exotica. 

12. Bentacme suavis. 

13. Prosopis spicigera. 

14. Pter o carpus Marsnpium. 

15. Quercus dilatata. 

16 . Qj- incana. 

17. Q. semecarpifolia. 

18. Schleicher a trijuga. 

19. Shorea obtusa. 

20. Terminalia Chebula. 

■ 

HI. — Hard. 

12. Lagerstrcemia Flos-Eegincc. 

13. Melia indica. 

14. Ougeinia dalbergioides. 

In. Pterocarpus indicus. 

16. P. macrocarpus. 

17. Santalum album. 

18. Shorea robusta. 

19. Tamaritidus indica. 

20. Taxus baccata. 

21. Terminalia belerica. 

22. T. tomentesa. 

23. Zizyphus Jujuba. 


IV.—Moderately hard. 


1. Adina cor difolia. 

2. Artocarpus Chaplasha. 

3. A. integrifolia. 

4. Boswellia scrrata. 

5. Buchanania latifolia. 

6. Carey a arbor ca. 

7. Cedrus Deodara. 

8. Cupressus torulosa. 

9. IHllenia indica. 

10. Dipterocarpns alatns . 

11. I), turbinalus 


12. Eugenia Jambolana. 

13. Ficus bengalcnsis « 

14. Garuga pinnata. 

15. Jvglans regia. 

16. Odin a IVodicr. 

17. Pinus excelsa. 

18. P. longifolia . 

19. Pterocarpus dalbergioides. 

20. P terosperm urn acerifoli no . 

21. Schima Wallichii . 

22. Tec ton a grandis. 
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jflsculus indica. 
AntJiocepholus Cadamba. 
Bombax malabaricum. 
Butea frondosa. 

Cedrela Toona. 

Buabanga sonneratioides. 
Bicus glomerata. 

Bmelina arborea. 

Bydia calycina. 




10. Michelia Champaca. 

11. M. excelsa. 

12. Bojmlus ciliata. 

IS. Salix tetrasperma. 

14. Semecarpus Anacardiuvi. 

15. Spondias mangifcra. 

16. Sterculia alata . 

17. Trewia nudijlora. 


l- CoM °*PemunGo Swim ' 

4. Aryihrina spp. 

3. Moringa Pterggosperma. 
Bteronlia coloraia. 


VI .— Very soft-. 


5. S. ?irojs. 

6. S. villosa. 

7. TVightia yigantea. 


Section V.— Flexibility. 

Out of shape" witliwThiea^ 8 lts ® a P ao % for being bent 
uot be bent without breal-im^E’ w !f'^ as a w °od which can- 
bility is a prooertv rll ■ saul to be brittle, Hexi- 

woods ; uscd for sieve-frames, 
sides of ships, etc., the thiSfor'llf’ 1 . lanks for tlle curved 
being then- flexibility Tl ! l - pieces used the greater 
is obtained in woods wliieb i maxi 1 mUm a “°unt of flafffi? 

*'■«. taTSSSf JSit* straight fibrSS S 

«»Wt than barf “if T', f '‘8“ ™-«'« a Z 
structure allows the fibres to iilnv °° < s ’ because then- loose 
«oft root-wood is inore Sbfe iLf 0 ; l P 011 the °thcr; hence 
than hoartwood. Moisture of. stem *wood, and sapwoorl 
dryness decreases it. Flexihin 1 . nc , reases flexibility, \ v hilc 
boiling or steaming bnl of ^ 18 tem Porarily increased bv 

ose8 fe> flexibility’ In i ttl ^ Wood ^ dried aSn ft 
oiigmallv si AO an( ! becomes more brittle n „ a -. Jt 
bent-wooci f,w^ g 18 Ported to in t ^. n xt was 

for the sltlr n p ture ancl in the i^einrntm^ C nianufacture of 
damp. ' of slli P s » which are ^aitfl * ° f fl< f xible P lanks 
femur tr> ld 011 while hot and 

shoots being moi ' e flexible than old one 

° Ual1 ^ more flexible than f U wr ^ oung c .°PP lc e 
suan seedlings: chmbers 
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"the most flexible of woocly plants owing to their long 
straight loose fibres. Frost reduces flexibility, rendering 
wood brittle. Examples of flexibility are to be found in 
canes and bamboos, the .twigs and coppice shoots of willows, 
Indigofera, Vilex, Celtis, and finally other plants, as well as 
most climbers. 


Section VI.— Elasticity. 

Elasticity resembles flexibility to a certain extent in 
that it implies a capacity for being bent out of the original 
sliajoe ; in addition to this, however, it means the power of 
springing bach to the original shape , whereas flexibility im¬ 
plies no such power. Thus whereas a flexible wood need not 
possess elasticity, an elastic must possess a certain amount of 
flexibility. Elasticity is a property required by woods used 
for carriage-shafts, bows, shoulder-poles, spear-shafts, fishing- 
rods, masts of ships, etc. 

Elasticity, like flexibility, is increased by length and 
straightness of fibre, and freedom from knots, waviness and 
unsoundness, while it is diminished by frost. In most other 
cases, however, the factors which increase the flexibility of a 
wood tend to diminish its elasticity. Thus dryness increases 
elasticity provided it is not excessive, while moisture decreases 
it. The in’esence of resin in small quantity increases'elasti¬ 
city, while much fluid resin diminishes it, and much dry 
resin tends to make wood brittle. Elasticity, as a rule, 
increases with specific gravity: thus the heavier wood of 
the stem is more elastic than the lighter wood of the roots, 
heartwood is more elastic than sapwood, while slow-grown 
coniferous wood is more elastic than fast-grown wood. 
Elasticity is increased by slow seasoning. 

The following are examples of some of the more elastic 
Indian woods, arranged as nearly as possible in order of 
elasticity :— 

I.— Very elastic. — Grema spp., JELardwichia binata, 
Borassns jlabellifer , Anogeissus latifolia , 
Areca Catechu (the betel-nut palm), Mesua 
ferrea. 

II.—Elastic .—Mimnsops Elengi , Chloroxylon 

Swietenia , Acacia Catechu , Casuarina equi - 
setifolia , Uopea odor at a, Shorea robusto, 
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Eteiocai pus santalinus, Xylia dolabriformis, 
% 1 0 Car P us EaJcoocha, Acacia arabica, Mur - 
7 (( ^rr ? xo ^ a > Albizzia Lebbeh , Dalbergia 
('Otijoha, Diospyros spp, Dalbergia Sissoo, 
1 ter ocarpus clalbergioides. 

Model ately elastic Dillenia indica , Mangifera 
mchca } Lagersircemia Flos-Degi?ice 3 Tectona 
grandis, Miclielia excelsa, Mela indica , 
ec ? us Deodara , Adma cordifolia , Dipterocar- 
pus (ilatus 3 Cedrela Toona , Chiclcrassia tabula - 
-Eugenia Jambolana , Gmelina arborea. 

£^° S alfso PO— the property of elasticity in a high 

o 

Section VII. —Eissibility. 




1. General, 


in 


- S® c ‘^ a 5 y f ? r . bcin - s i iUt 

effected by means 5 sp lttmg bem & usually 

implement Eissihilifw - 1 axe ’. a wec S° or other similar 

2. Factors influencing Fusibility 

»f - 

writer in the case of 61 differed'*• f c ^P® nmen t by the 
a specially designed snlbW S ? CC1CS , ol Iad ^n woods, 
tbe purpose. The results of these' ' • ei " S cm P lo y ed for 

tlie chief considerati affeett+n eXperUnents sbow tbat 
which wood may he split are as follows° r ° tberWiSe with 

(1) Anatomical Structure op the Wood. 

! ; s .. ife 'of wood 
ciossness of grain. Woods ’ whether. 1/^1 tbe str aightness or 
a grain, invarhhfo s .I t hard . or soft, which have 

cross-fibres. Thus strafoht emiL^T than tllose witb 
chu, one of the hardest of woodsi split Ac “f «*> 

’ 1 VUTil1 comparative ease, 
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whereas much softer woods with cross-fibres, such- as Garuga 
pinnata , Bornbax malabaricum , Gedrela Toona and others, 
require more force to split them. In general it may he said 
that anything which interferes'with the straightness of the 
grain, such as the presence of knots and dormant buds, or 
obliqueness or waviness of the fibres, reduces the fissibility 
of wood. The presence of large medullary rays, jnovided the 
wood is fairly straight-grained, tends to increase the fissibi¬ 
lity of wood in a radial direction. 

(2) I-Iaedness. 

Hardness has far less influence on the fissibility-of a 
wood than anatomical structure. This is particularly the 
case with straight-grained woods; thus Acacia Catechu and 
Homalium tomentosum, both hard woods with straight grain, 
split without difficulty. In the case of cross-fibred woods 
hardness has considerable influence, for in the case of such 
woods the wedge is driven through the wood by severing the 
cross-fibres transversely as well as by tearing them out; this 
process is accomjffished more easily in the case of soft woods 
than in the case of hard woods. Thus hard cross-fibred 
woods like Ougeinia dalbergioid.es> JDalbergia latifolia , Bter- 
ocarpus JHarsupium and Shorea robusta are more difficult to 
split than soft cross-fibred woods such as Bombax malcibari- 
cum , Garuga pinnata and Oroxylum indicum. In all these 
cases, however, the primary cause of difficulty in splitting 
is the crossness of the grain rather than the hardness of the 
wood. 

(3) Elasticity. 

When a wedge is driven into an elastic wood, the wood 
on either side of the crack pressing on the wedge tends to 
force the fibres apart some distance in front of it, thus faci- » 
litating the work of splitting. In a wood which is not ^ 
elastic the fibres are forced apart only by immediate contact 
with the point of the wedge, or, in the case of a brittle wood, 
are actually broken asunder by it. Hence as a general rule 
what tends to increase the elasticity of a wood also tends to 
increase its fissibility, other conditions being equal. These 
remarks refer mainly to wood which is straight-grained or 
nearly so. In the case of a very cross-grained elastic wood 
like Ougeinia dalbergioides the stiffness of the tough fibres 
may cause the wedge repeatedly to spring back out of the 
cleft. 
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(4) Direction in which the Splitting Force acts. 

European text-books tell us that wood splits more easily 
in a radial than in a tangential direction. This possibly 
noids with most European woods, but in the case of Indian 
woods fission is generally much easier along the tangential 
than along the radial plane. This applies particularly to 
cross-grained woods, because cross-grain is normally en¬ 
countered during radial and not during tangential splitting, 
thus in the tests referred to above it was found that in the 
case of Dalbergia Oliveri splitting in a radial direction was 
more than 17 times as difficult as it was in a tangential 
direction; in Ougeinia dalbergioides it was more than 13 
times, in Tterocarpus Marsupium more than 12 times, in 
iO) ea robusta more than 9 times, and in Dalbergia latifolva 
1U1GS * In straight-grained woods the difference is not 
near y so^marked, the necessary splitting force in some cases 
icing s lgiitly less along the radial than along the tangential 




(5) Amount of Moisture. 

n, .^• cco ^ u § Gayer, European hard woods are more 
rn | S . 1 °. , C1 ? vve ^ anc l s °it woods are more fissile when dry. 

is is not borne out by the tests referred to above, for of 
ar 1 c ail( ^ so ^ woods tested, all split more easily when dry 
an when green except one, Sterculia villosa i which re- 
quncc the same splitting force for green and dry wood. The 
rlrv ri°^ W ^ wo °d splits with more difficulty than 

tint * t n ° d " ubt I’ artly tbat 11 is luss elastic anti partly 

tliat the moisture toughens the fibres, this latter explanation 

tb^fel c ,° rrobol ' atod V. tbe fa ct that the greatest disparity in 

St 


O. Classification of Woods according to Fissibility. 

1% . A £L£sa 

the relative spHttinl w? ^^ 76 ^ 18 take » as unity, and 
comparison. In eac p i J 38 ,^^ 6 otber classes are given for 
of fissibility, as based on the W °° ds , are arranged in order 
forces for radial and tangential the Splilfcin g 
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Very easy to split. 


1. Taxus baccata. 

2. Sterculia- villosa. 

3. Abies Pindrow. 

4. Pinus excelsa. 

5. Tectona grandis. 

6. Uomalium tomeniosum , 

7. Cedrus Deodara. 

S. Pice a Morinda. 
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(Splitting force up to twice that of Taxus 
baccata). 

^ACs cuius indica. 
j Pinus longifolia. 

H Spendias mangifera. 

| Poswellia serrata. 

^Podo carpus neriifolia. 
Carallia integerrima. 
Gardenia Iatifolia. 

C Lagerstrcemia tomentosa. 
C Gemecarpus Anacardium. 
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9. 


14. 

15. 

16. 


II .—Easy to split. (Splitting force twice to 4 times that of Taxus 
baccata ). 


r Populus ciliata. 

L Odina TVodier. 

Acacia Catechu. 

{ Mallotus phHippinensis. 
Albizzia proccra. 

{ Oroxylnm indicum. 
Schrebera swielen ioidcs. 

Dipterocarpus tuberculalus. 
r Cassia Fistula. 

Buckanamia Iatifolia. 
Zizyplus xylopyra. 


12 . 

13. 

14. 

15. 
17. 
IS. 

20 . 

21 . 

22 . 


Lagcrstrcemia parviflora. 
Gardenia turgida. 

Adina cor difolia. 

{ Pterocarpus macrocarpus. 
Benya Ammonilla. 
Kydia calycina. 

{ Gardenia lucida. 

Garuga pinnata. 
Tcrminalia bclerica 
Cedrela Toona. 

Terminalia tomentosa. 


III. •Moderately difficult to split . (Splitting force 4 to 6 times that 
of Taxus baccata). 

1. Bridelia retusa. 

2. Grewia vestita. 


3. Casuarina equisetifolia. 

4. Quercns semecarpifolia. 

5. Bombax malabaricuni. 

6. Albizzia stipulata. 


7. 


9. 

11 . 

12 . 


{ Uoloptelea integrifolia. 

Gmelina arborea. 
f Anogeissus Iatifolia. 
\ABgle Marmelos. 
Gardenia gmmnifera. 
Quercus dilatata . 


IV .—Difficult to split. (Splitting force 6 to -10 times that of Taxus 
baccata). 


1. Dalbergia Sissoo. 
f /T Pterospernium acerifolium. 
1 Calophyllnm spectabile. 


4. Shorea robusta. 

5. Chloroxylon Swietenia. 

6. Pterocarpus Marsupium. 
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f Bauhinia return. 

. 1 Balbergia latifolia. 
Dalbergia Oliveri , 


. Very difficult to split. (Splitting force more than 10 times that of 
Taxus baccata). 

(18 times as difficult to split as Taxus 
j baccata.) 

(1G times as difficult to split as Taxus 
baccata.) 

Ongeinia dalbergioiclcs. (38 times as difficult to split as Taxus 
baccata.) 

Of the samples of woods tested all those in classes IY 
and Y were cross-grained, and all those in class I were 
straight-grained except Lagerstrcemia tomentosa, which was 
slightly cross-grained. In the other classes the grain varied. 

Section VIII.— Strength. 

1. General. 

By the strength of a wood is understood its resistance to 
(1) tension , (2) crushing , (3) shearing , (4) torsion , and (5) 
transverse strain. A description of the methods of testing 
the various kinds of strength in timber belongs to the pro¬ 
vince of Applied Mechanics, and cannot be undertaken here: 
we are concerned rather witli the properties of timber which 
influence its strength, and the uses to which woods possess¬ 
ing one or other form of strength are put. In all cases the 
strength of timber is directly proportional to its soundness, 
and the following remarks on the various kinds of strength 
refer to sound timber only & 

2. Resistance to Tension. 

The strength of a wood in resisting tensile strains, that is 

fi°W nf+>, S m op ? oslte Sections and tending to pull (he 
Jbies of the wood apart, is called its tenacity. This tena- 

steaming or boiling, and by continued m^stoZrtot hi 

actual JSSS.n 0 '* woods. In 

strength iu resisting t ■ i' 1 cacf ^ 011 to exert its greatest 

cases, as in s^ne“LTf 8trai ‘f ’ ° xce P t in certain special 
twigs; for example b“tSe" T ” 1 ° ° f 
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twisted together into thick ropes. # Tensile strength is a pro¬ 
perty required by all fibres used in rope-making. 


3. 'Resistance to Crushing . 


This is the opposite of resistance to tension ; it is greatest 
in the direction of the fibres, depends largely on the lateral 
adhesion of the fibres, and is therefore reduced by moisture. 
Crushing across the grain takes place with a kind of shearing 
or sliding. Crushing strength is required in timber used for 
posts and piles supporting great weight, wheel-spokes, etc., 
but in actual practice it is seldom called into account, 
because in such cases as a post supporting a heavy weight 
the post usually bends and breaks before it is crushed by 
the weight. Resistance to crushing generally varies with the 
hardness of the wood ; thus the crushing strength of Mesua 
ferrea and Rterocarpus santalinus is twice that of teak and 
about four times that of Bonibax malabaricum. The crush¬ 
ing strength of dry timber varies from ^ to f of its tenacity. 


4 Resistance to Shearing. 

This means the strength which resists the sejiaration of 
the fibres by sliding away from each other, and is exempli¬ 
fied in woods used for purposes where they are subjected to 
much hammering or other wear and tear, for example piles, 
tent pegs, chisel handles, mallets, etc. It is greatest in the 
direction of the fibres, depends on the cohesion of the fibres, 
and varies largely, but not entirely, with the hardness of the 
wood. Among Indian woods some of the most resistant 
to shearing strains are Rterocarpus santalinus , Murray a 
exotica, Mimusops Elengi and Sapindus trifoliatus . 


5, Resistance to Torsion . 

This is the resistance offered by a piece of wood to a 
couple of forces tending to twist the wood in opposite direc¬ 
tions, as for example in capstans, windlasses, oil and sugar 
rollers, cart-axles, etc.; it is of little practical importance, 
as the dimensions of the pieces of wood used can generally 
be made such that resistance to torsion need not fail. 

6. Resistance to Transverse 8tram. 

This resistance, usually known as transverse strength , is 
the most important form of strength in timber, being the 
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important bearing on its strength, seasoned wood 
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(ii) P=900 to 1,000. 


!• Schleicher a trijiiga. 

2. Hardioickia binata. 

3. Chloroxylon Swiclenia. 

(iii) P= 

1. Acacia arabica. 

2. Borassus flabellifer. 

3. Pterocarjms santalinus. 

4. Berry a Ammonilla . 

(iv) P= 

1. Shorea robust a. 

2. Albizzia Lebbeh. 

3. Anogeissus latifolia. 

4. Hopea odorata. 

3. Quercus semecarpifolia. 

(v) P= 

1. Artocarpus mtegrifolia. 

2. Dillenia indica. 

. Pterocarpus Marsupium. 

. Pinus longifolia. 

. Carallia integerrima. 

0. Grewia tiliafolia. 

7. Lag erstr cemia foment osa. 

8. Xylia dolabriformis (Indian).* 


4. Homalium. tomentosum. 

5. Balbergia latifolia. 

6. lleritiera minor. 

0 to 900. 

5. Ougeinia dalbergioides. 

6 Soymida febrifuga. 

7. Balbergia Sissoo. 

8. Terminaliafomcntosa. 

to 800. 

6. Shorea obtusa. 

7. Bipterocarpus tuberculatus. 

8. B. alatus. 

9. Lagerstrcemia Flos-Regincc. 

10. Cassia Fistula. 

to 700. 

9. Lager sir cemia lanceolata. 

10. Pterocarpus dalbergioides. 

11. Tectona grandis. 

12. ChicJcrassia tabularis. 

13. Lagerstrcemia parvijlora. 

14. XUchelia Champaca. 

15. XT an gif era indica. 

16 • Eugenia Jambolana. 


(vi) P—under 600. 


1. Bonibax malabaricum. 

2. Adina cordifolia. 

3. Schima IVallichii. 

4. Odina Wodier. 

5. Melanorr/uca usitata. 


6. Gmelina arborea. 

7. Gedrela Toona. 

8. Cedrus Beodara. 

9. Spondias mangifera. 

10 . Butea frondosa. 


* Rccent investigations, as yefc incomplete, tend to show that the Indian tree is a 
different species from tne JJurmese one. 
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Section IX.— Seasoning Power, and Liability to be 
Aefected by Moisture. 


1 . Seasoning. 


(1) Percentage of Water in Wood. 

Before it can be used for most purposes, wood requires to 
bo made thoroughly air-dry : when in this condition it is said 
to be« seasoned. Even well-seasoned wood contains a certain 
proportion of Water which can be expelled only by artificial 
drying in hot air; the percentage of water in seasoned 
wood depends largely on the species and on the humidity of 
the atmosphere for the time being. 

Experiments made by the writer with a large number of 
Indian woods show that as a general rule the proportion of 
moisture in air-dry wood varies from 9 to 16 per cent, by 
weight, while that of green wood varies from 30 to 60 per 
cent.. Asa general rule the harder woods were found to 
contain a smaller percentage of water than the softer woods. 
Thus hard woods showed percentages as follows : Acacia 
Cateclm , 30% ; Schleichera trijug a, 33% ; Quercus incana „ 
and dilatata , 34% ; Q. semecarpifolia , 35 % ; Dalbergia 
Sissoo, 36% *, Ougeinia dalbergioides , 40% ; Shorea robusta , 
41 % . Soft woods on the other hand as a rule showed higher 
percentages, the following being a few examples : Buctian - 
anm latifolia , 49% ; Ficus retusa, 50% ; Spondias manqi- 
fera 54 % ; Garuga pinnata , 55% ; Bomb ax malabaricum 
5v % ; Ficus religiose , 60 %. It is generally supposed that in 
living or freshly felled trees the proportion of water in the 
sapwood exceeds that in the lieartwood. In the course of 
these tests, however, it was found that in the maiority of 
cases the percentage of water in the lieartwood was greater 
than m the sapwood. ° 


(2) Rapidity of Seasoning. 


thr^honf n f , dl ' ying TT does 11 not alw 1 a y, s tal <e place uniformly 
throughput a log. Usually wood dries most ciuicklv hi«t 

Ti e w^idity with A, ^ (| T nt dry ‘T | ;,kin S Place more slowly! 
P llty Wlth whl c h a wood dries depends on several 
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^stances, of which the following are the most impor* 


(a) Structure and nature of the icood .—Porous 
woods season more quickly than close-drained 
woods. Sapwood dries ‘more quickly than 
heartwood. 




(c) 


Wood surface exposed .—The greater the extent of 
wood surface exposed in proportion to the 
volume of the wood, the quicker will the 
seasoning be : thus seasoning is hastened by 
sawing wood into thin planks. Por the same 
reason a log which has been barked seasons 
more quickly tharr a log with the hark on. 
Wood seasons most rapidly on a transverse 
section and least rapidly on a longitudinal 
tangential section. It stands to reason that a 
large log or piece of wood will take longer to 
season than a small one. 


Condition of the air and locality .—Seasoning is 
slow in a damp cool atmosphere, in a place 
closed to free access of air, and where the wood 
is placed on damp ground, whereas it is rapid 
in a diy warm atmosphere with a free current 
of air, and where the wood is raised off the 
ground. Seasoning is quicker under cover 
than m the open, provided there is free circu¬ 
lation of air. 


(d) Method of seasoning .—There are various methods 

described below, of hastening the seasoning of 
wood. Steaming or boiling followed by drying 
causes rapid seasoning; some methods* of in> 
pregnat ion with antiseptic substances are said 
to retard it, others to hasten it. Timber which 
lias been floated and then dried seasons more 
rapidly than timber which has not been placed 
in water, # while seasoned wood when placed in 
water and afterwards again dried, takes a 
shorter time to dry again than green wood 
which has been similarly dealt with. 

(e) Species of timber .—Some woods season completely 

in a year, but others take many years Sdi, 
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for example, may not be completely seasoned 
after 10 years; it dries quickly on the joutside, 
but the inside remains moist for a long 
time. 


2. Moisture in Relation to Wood . 


(1) General Account. 

The rate of absorption of moisture by seasoned wood 
depends generally on the same circumstances as the rapidity 
of Reasoning: that is, the longer a wood takes to season the 
more slowly does it afterwards absorb moisture. The 
absorption of moisture becomes an important matter, in 
cases where a wood requires to be as watertight as possible, 
for example wood required for wine-cask stayes. In Europe 
these are made of oak £ and it has been found by experience 
that the timber should be felled in winter, that is, in the 
season of rest, and not in spring, when the wood is more 
porous, and considerable loss of wine is liable to occur 
through leakage. In floating operations also the rapid 
absorption of water may become a serious obstacle, floating 
timber becoming saturated, or, as it is usually termed, 
“ waterlogged,” and sinking. In the Himalayas the floating 
of spruce, silver fir, Alnns nitida and Juglans regia for long 
distances is for this reason attended with risk : deodar and 
Finns excelsa, on the other hand, do not easily become 
waterlogged. Unsound wood absorbs moisture quickly. 


(2) Shrinking and Swelling. 

During seasoning wood loses volume and shrinks, while 
il it is placed in water or in a moist atmosphere it swells by 
the absorption of water. Shrinkage is greater the larger 
the quantity of moisture originally in the green wood. 
There is least shrinkage in the direction of the fibres, that is 
longitudinally, and most in a tangential direction; hence 
ue advisability of cutting planks in a radial rather than in 
a tangential direction. 

Shrinkage is greatest in a dry warm atmosphere. 


(6) Warping. 

When shrinkage of wood takes place more in some parts 
in others, and not evenly throughout, the wood bends 
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or cf warps.’* Tho extent of warping depends chiefly on 
the following considerations :— 


( a) Grain of the zooocl .—Woods with even grain, and 

with tissues regularly distributed, warp less 
than uneven-grained wood: for this reason 
planks cut in a radial direction warp less than 
planks cut in a tangential direction, as in the 
former case the annual rings are regularly 
distributed along the plank, and do not tra¬ 
verse it at various angles. The wood of trees 
grown in the open, and thus having irregularly 
shaped boles, warps more than that of straight 
clean forest-grown trees. The timber of trees 
with twisted fibres is apt to warp badly. 

(b) Fart of the tree .—Planks cut near the centre of 

a log warp less than those cut some distance 
from the centre. Sapwood warps more than 
heartwood, young wood more than old wood, 
and branch-wood more than stem-wood. 

(c) Species of tree .—Different woods vary greatly 

in the extent to which they warp, some season¬ 
ing Well without any tendency to warp and 
others warping in spite of all precautions. 
Some examples of each class are given below. 
(cl) Atmospheric influences .—Wood subjected to severe 
extremes of humidity and temperature is more 
liable to warp than wood kept under more 
equable conditions. Thus the wood of external 
plank walls exposed alternately to rain and 
to severe sun on the outside, while the inside 
remains more or less protected, is very liable 
to warp. Similarly, boards lying on damp 
ground, and exposed to sun and dry air above, 
warp and bend up at the ends, 

Fretention of warping .—Where warping is feared, timber 
should be seasoned well before cutting it into scantlings, 
and the scantlings should be allowed to season further before 
use ; they should be stacked flat one upon another on a per¬ 
fectly level site and weighted on the top to keep them flat. 
Equal drying tends to prevent warping : hence the advis¬ 
ability of having all sides of the timber equally exposed 
to the air, turning it over from time to time if necessary. 

b 2 
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If required for fine work tlie scantlings may be stacked 
vertically, by standing them on end, and kept moist for two 
or three months by frequently pouring water on them from 
above.. English shipwrights cut their seasoned logs into 
scantlings of the required size and shape and leave them to 
season further for a year before using. Warping may be 
minimized by steaming or by soaking in or impregnating 
with oil. The warping of tables, doors, lids of boxes, etc., is 
prevented by constructing them of more than one piece of 
wood, the pieces being joined so that the grain of the wood 
should not lie entirely in one direction. 

(4) Cracking and Splitting. 

IV bile wood dries it is frequently apt to crack and split 
through shrinkage. The extent of this cracking depends on 
a variety of circumstances, of which the principal are as 
follows:— 


(a) Extent of shrinkage ,—Woods which shrink much 
are usually most apt to crack and split. 

{h) Rapidity of seasoning .—Rapid seasoning increases 
liability to crack and split. Hence wood felled 
in the dry season is more npt to split than wood 
felled in the rains : the removal of bark before 
seasoning also increases the danger of splitting. 

i c ) Size and shape of logs .—The tendency to split and 
crack increases with the size of the log and 
the thickness and breadth of scantling. Round 
timber splits more readily than timber which 
has been roughly squared. 

(d) Structure of wood .—Want of uniformity of struc¬ 
ture increases the liability to split. Cracks 
occur most in the radial direction, while in 
scantlings sawn through the heart, cracks in 
the direction of the annual rings are often 
found near the pith. 

{e) Species.— Some species are more liable to crack 
and split than others: examples are given 
below. 


Generally speaking 

to prevent rv. i • essen ^ ie ra P lc hty of seasoning also tends 
h r» * *•* •**»* to toe case 
m tllG dry season is to keep it covered witl* 
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damp straw until the rains, when the danger of splitting is 
less. Another preventive, particularly in the case of scant¬ 
lings and sleepers, is to cover them with sawdust. Large 
cracks are prevented by rough "squaring logs and leaving 
a strip of bark at each corner. Too rapid evaporation at 
the ends of logs or scantlings, which results in the formation 
of cracks, may be prevented by smearing the ends with crude 
earth-oil, or with a thick layer of cowdung, or with tar over 
which a sheet of tough brown paper is pressed. Other 
special methods of preventing the formation of cracks are to 
bore a fair-sized hole up the centre of the log, or to saw 
it through longitudinally along one radius from the peri¬ 
phery to the centre, as is done with billets ef boxwood in 
Jaunsar, or to nail S-shaped clamps on the ends of the log 
where cracks are feared. Steaming followed by slow drying 
prevents the formation of large cracks. 

3. Methods of Seasoning Wood . 

There are various methods of seasoning timber, of which 
the following are the principal:— 

(1) Natural seasoning. 

(2) Water seasoning— 

(а) In fresh water. 

(б) In salt water. 

(3) xlrtificial seasoning. 

I lie natural method is the one most generally employed, 
though in the case of timber floated for some distance season¬ 
ing is assisted by the immersion in water. 

(1) Natural Seasoning. 

This consists of exposing the wood to the drying action 
of the atmosphere without employing any artificial means 
of extracting the moisture from it. Timber should be allowed 
to season evenly and not too rapidly, and should therefore be 
placed in an airy situation, raised above the damp ground, 
and not exposed to sun and rain. In actual practice lo^s 
are frequently left lying in the forest for some time, and 
become partly seasoned there ; in this case exposure to strong 
sun and rain alternately should be avoided as much as possible 
by placing the logs in a shady place, and the logs should be 
turned over occasionally. 
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never to become perfectly dry, while it corrodes' iron bolts 
driven into it. Nevertheless if a ship has had its timber well 
soaked in salt water it is allowed an extra year’s duration 
in its class when registered at Lloyd’s, on the ground that 
timber so treated is more durable than ordinary timber. 
It is perhaps unnecessary to mention the danger attending 
the storage of timber in salt water infested with the Teredo 
and other boring animals. A Japanese method of seasoning 
timber in salt water is to store it in ponds artificially made 
near the mouths of streams in such a way that salt and fresh 
water can both be admitted, in the proportion of 6 parts of 
the former to I of the latter, the admission of the fresh water 
preventing the attacks of marine borers. 


(3) Artificial Seasoning. 

There are many methods of artificially causing the rapid 
seasoning of wood, but most of them are of little importance 
m -India and olten have little to recommend them ; a detailed 
description of them is therefore unnecessary. The chief of 
these methods are (a) drying in a current of hot dry air (b) 
extraction of sap by means of a vacuum, (c) boilin" or steam- 

ebf- l0l 0 fh d J ; . C } ryi ?S> ( d ) drying over a smoky fire, (e) 
charring the outside of logs by fire, (/) packing wood in 

common salt, which, being highly hygroscopic, extracts the 
moisture from the wood ; this is employed chiefly for finer 
woods, ( 17 ) seasoning by electricity, a somewhat recent Prench ' 
mventum whereby the moisture is rapidly driven out of 

substance e }^ tncity > - lts p , lac .° 1)cill S tak ™ by an antiseptic 

pgiTsl&T 0 ” 1 ” 5 8 " tis ° pti0 


I. The Seasoning Properties of various Woods . 

The seasoning properties of woods vary greatly accord¬ 
ing to species : in this connection the following remarks 
apply to Indian woods :— 


( 1 ) Woods which season well .—Many Indian timbers 
season fairly quickly with comparatively little 
warping and splitting, a few examples being 
Acacia Catechu , Albizzia Zebbek, Bombay 
malabaricmn, Calophyllum spectabile, Cedrus 
Deodara , Dalbergia latifolia , I). Sissoo, Dm - 
banga sonneratioides, Gmelina arborea, Tims 
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excdsa, Podocarpus neriifolia , PterocarpuS 
m ergioides, P. macrocarpus , JP. Marsupium , 
Tectona grandis. 

Woods liable to warp and split.—Adina cor difolia 
Anogeissus acuminata, A. latifolia, Bischofia 
javanica, Buteafrondosa, Casuarina equiseli- 
jolia J Qedrela Toona, Billenia pentagyna , 
Bio spy r os Kurzii , Mesua ferrea , Miliusa 
velutina , Phyllanthus Emblica , Quercus spp., 
■Rhododendron arbor eum, Scliima TVallichii , 
Shorea robust a, Terminalia tomentosa. 

Woods liable to warp.—Chickrassia tabular is, 
Pipterocarpus tuberculatus, Dysoxylum mala - 
baricum, Bugenia Jambolana, Taxus baccata. 

Woods liable to split. —JPardwickia binata , Homa - 
fern tomentosum , Mimusops hexandra, Schlei¬ 
cher a trijuga, Terminalia Arjuna, Xylia 
dolabrijor mis. 

Woods liable to shrink. — Pindrow, ILeri- 
tiera minor , Piws longifolia, Quercus spp., 
Schima Wallicliii. 


Woods liable to discoloration. —Many soft whitish 
woods are liable to discoloration if dry-seasoned 
in the log, and should therefore be converted 
green in order to obtain white planks. Experi¬ 
ments with Bombax malabaricum show' that 
this wood remains wdiite in the log for months 
^ kept in water, and the same treatment would 
probably have a similar effect in the case of other 
woods. The following are some examples of 
^oods vdiicli become discoloured in this way :— 
Ailanthus excelsa {slightly), A. malabarica , 
s Ionia scholar is, Bombax malabaricum, Bos- 
We ia Errata, Buchanania latifolia , Dalber - 
7 j' 1 at f eoiar R } Blceocarpus lancecefolius 
, 1 - Evoclia fraxinifolia {slightly), 
roiiu r r Ut Mocha, Garugapinnata , Givotia 
pie77 vi. l J orn f 8i Pbarpullia cupanioides, Ilepta - 

. . 
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1. General Account. 


By durability is understood the .power of a wood to with¬ 
stand decay and the attacks of insects and other forms of 
animal life ; it is usually measured by the length of time a 
piece of wood will remain immune from attack. 


Decay or rot in timber is caused by certain fungi gaining 
admittance by means of spores which germinate and send 
out minute thread-like hyphen ; these liyphsB, 'which become 
massed together into a felt-like mycelium, , eat into the*wood, 
breaking down the cell-w f alls and disintegrating the tissues, 
the wood becoming, in popular language, decayed or rotten. 
The term dry rot is applied to the rot caused in timber by 
certain species of fungi, of which the most important is 
Merulius lacrymans. Dry rot is recognized by a change in 
the colour of the wood, a dull sound when the wood is struck, 
decrease of specific gravity owing to loss of substance, the 

of +lw; 0 i of . cleca ^ in S wood > aud cracking and warping 
owm S. to the shrinking of tlio tissues attacked ; 
the wood becomes soft, being easily cut with a knife wheu 

wet, and when dry being friable and easily crushed to pomler 
m the fingers ; finally, the mycelium of the fungus can be 
detected within the wood and possibly the sporopliores will 
be found on the outside. 


Insects and other animals. We are concerned here only 
with insects which affect the durability of timber, and need 
not therefore consider insects which bore into living trees 
or fresh-felled wood ; these may be regarded rather as one 
of the causes of defects in timber, and will be dealt with in 
Section XIII of this Chapter. 

The insects which test the durability of timber most 
severely in the tropics are undoubtedly the termites, or so- 
called white-ants, which destroy all but the most durable 
timbers. Much damage is also done by beetles, chiefly 
belonging to the bostrichid and scolytid families, which bore 
into, many of the less durable woods employed in interior 
work. Bamboos are also subject to their attacks, the 
familiar “ shot-borers ” being represented in India by many 
species, some of the principal being Dinoderns pilifrons y 1). 
minutus , Bostrichus parallelus 3 and Binoxylon anale, all 
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moUu^ 0 n ffe,^o W *l animal , s . the most destructive is the 
for harbour- wort-,. , ’ .^ bicb b °i’ es lnto timber employed 
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tudes. F™? Z cIlm ? tes > ^extends into cold lati- 
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tosa +„i.„ Lledo - Twenty-five logs of Terminalia tomen - 
short time ago from the foundation of' 
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Mormugao^breahw Sh ° rt *1^° a -§° 7“ the found ation of 
had lam forsn ™ ® b ° Bomba y coast, where they 

(iuitt> „n{ 2^) years m the sea; they were found to he 

extremely hard 0 . ^ the . tered °. and the wood Had become 

Godlvari DMrict^MnJ '"T cai 'f i< r d , out iu the Lower 
woods in resisting temlf’Jf the P owers of various 
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teredo, their powers of succumbed to the 
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copper sheets, concrete carlhenwf t0&t tbe timbei ‘ with 

sheathing wherevo, il eaU ! 1011 ware P x P es > or other forms of 

Where timberiT^ b 1,1 contact with the s kw! 

salt water; if it is dSablfto’Sn *•* *° Uld "°t be "kept in 
water should be admitted h.tn tU* Water at ah fresh 
salinity of the water has l i s ^°JL a o e tanks until the 

(he teredo from living reduced efficiently to prevent 
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Among other marine animals destructive to timber may 
be mentioned various other species of teredo, and certain 
small crustaceans. In Burma teak timber stored in brackish 
tidal water is liable to be attacked by the boring mollusk 
Martesia fluniinalis, which, however, has not been observed 
to burrow more than about one inch deep, though this is 
sufficient to destroy the utility of the outer layers of the 
timber; the storage of teak timber in brackish water, there¬ 
fore, is not advisable. 

2. Factors on which Durability depends. 

The durability of timber, assuming it to be sound when 
felled, depends on a variety of circumstances, as follows ; — 


(1) The Nature op the Wood. 

(ct) Fresence of sap .—The presence of sap and nutritive 
material reduces the durability of wood : hence sapwood is 
less durable than licartwood. The seasoning of wood, thus 
getting rid of the sap, greatly increases its durability. A 
tree usually contains least nutriment in its wood just when 
its new flush of leaves is sent out ; tho most suitable time 
to fell trees, therefore, with a view to obtaining the most 
durable timber, and apart from all other considerations, 
would be the beginning of the growing season. 

(p) Specific gravity and hardness .—Although many of the 
heavier and harder woods are very durable, it does not follow, 
in the case of different species, that the durability of a 
wood is proportional to its specific gravity or hardness ; in 
one and the same species, however, this docs hold, the 
harder and heavier the wood is the greater being its dura¬ 
bility. The harder portions of a piece of wood are the most 
durable: thus we find the more lignified fibres of many 
timbers left untouched by white-ants, the softer intervening 
tissues being destroyed. In conifers the hard autumn- 
wood is more durable than the soft spring-wood, while in 
palms the hard outer wood lasts a long time after the soft 
interior has become decayed or destroyed by white-ants. 
Tn the case of one and the same species a dark heartwood 
usually signifies greater durability than a lighter heartwood, 
provided the colour is not caused by decay. 

(c) Fresence of resin , oils , etc .-—Woods are rendered 
durable by the presence of resin in quantity. The dura¬ 
bility of the wood of Artocarpm Lakoocha, which resists 
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white-ants, is clue to a resinous substance in the wood, 
oome species, notably teak and deodar, are naturally im¬ 
pregnated with an antiseptic oil which renders them 
among the most durable of woods. Certain woods contain 
acrid or bitter salts which prevent them from being attacked 
by white-ants, for example, Capparis apliylla , Michelia 
C hampaca, Melia inclica , and Salvador a spp. 

W) ^9 e °f tree .—The wood of middle-aged trees is usually 
niore durable than that of over-mature trees, which fre¬ 
quently has incipient decay in it before the trees are fellech 




(*2) Treatment of the Wood after Felling. 

Wood left lying on the ground for some time in the 
forest, and exposed to alternate sun and rain, is far more 
liable to decay than if it is taken at once to a dry shed and 
seasoned, in the proper way. 

(3) Use TO WHICH THE WOOD IS PUT. 


(a) Wood used in dry place .—Wood always kept in a 
comparatively dry place, for example in the interiors of 
houses in dry climates, and away from damp masonry, is 
not subject to decay, but is nevertheless liable to the attacks 
of white-ants and boring insects. Moisture encourages 
decay, the ends of beams let into damp masonry being 
particularly subject to dry rot. 

(fi) Under water .—Most woods last for a long time when 
completely immersed in water other than sea water infested 
with marine worms, provided the water is not flowing with 
such rapidity as to wear av'ay the wood. Many "woods 
which have little durability when exposed to the air last 
fairly well under water, for example, Bombax malabaricim, 
Butea frondosa, Erythrina spp., Ficus spp., especially F. 
glomerata , and Fhyllanthm Bmblica : of woods which do not 
last well under water the best known are Anogeissnus latifolia 
and Schleicher a trijuga. 

(c) Alternations of damp and dryness .—Decay is greatly 
favoured by alternations of damp and dryness, particularly 
in warm climates. A J 


(d) In or on the ground .—Wood embedded in the ground 
decays rapidly. l n porous soils, where air is easily admitted 
altt ' rnatl0as of moisture and dryness take place readily, 
deca t > is moie rapid than in stiff soils. The presence of 
organic matter greatly encourages decay. Timber buried 
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deep in the ground lasts longer than that buried near the 
surface, where white-ants are most prevalent and rot is 
better able to attack the wood. In mines, cellars, and other 
damp places with little ventilation, wood is particularly 
liable to decay. In timber partly in the ground and partly 
out of it, most decay usually takes place at the ground level, 
where there is much alternation of wetting and drying. 
Similarly, wood lying on the ground is very liable to decay ; 
thus wood for railway sleepers is more severely tried than 
wood employed for most other purposes, especially when the 
sleepers are embedded in badly drained or dirty ballast. 

3. Methods of Increasing the Durability of Timber . 

Assuming that timber is sound when felled, and this 
depends largely on suitable sylvicultural methods, its dura¬ 
bility can be greatly enhanced if certain precautions be 
taken : these are as follows : — 

(a) Only lieartwood should be used where durability 

is desired, sap wood being removed, 

( b ) Only thoroughly seasoned wood should be 

employed; there is nothing more conducive to 
dry rot than the employment of unseasoned 
timber. 

(c) The ends of beams should not be embedded in 

damp masonry. When beams have to come 
in contact with masonry there should be a space 
for complete circulation of air round their 
ends, or the ends of the beam should have 
metal coverings or should be laid on bed plates. 
The lime used in the masonry should be 
thoroughly slaked, as quicklime injures the 
timber. 

(d) Timber infected with dry rot should never be 

stored near sound timber; the affected portions 
should be cut out and burnt. 

(e) There are various artificial methods of increasing 
- the durability of timber by antiseptic treat> 

menfc; some of these methods are described 
in Part IY. Tarring, coating with paint, or 
charring by fire are to a certain extent usefu], 
but are not to be relied on ; charring to be 
effective .should be deep, and this weakens the 
timber. To preserve bamboos from attack by 


MINlSr^ 



XI. 


46 


<§L 


boring beetles they should be placed in water 
as soon after cutting as possible to prevent 
the ingress of the beetles; to preserve them 
more permanently they should be soaked in 
water for 5 days and then dried for several 
days under cover, after which they should be 
immersed in crude Rangoon oil for 48 hours. 
If bamboo-work on houses be well smeared 
with crude Rangoon oil every year, it lasts 
longer than bamboo-work not so treated; 
gurjan oil is also employed for this purpose. 

There is a current belief that bamboos felled at the time 
the moon is full.-or nearly full are more liable to the attacks 
ol beetle than bamboos felled during the dark phases of the 
moon; the accuracy or otherwise of this belief has, however, 
n °t yet been satisfactorily demonstrated. 


4. Classification of Woods in Order of Durability. 

As the durability of different woods varies much accord- 
th °y raa y be it is impossible 
Lt?’ S lu a manner which will fulfil all conditions: 
n , lowin g classification, in Avhicli the woods in each class 
one ._. anSed ^Phabetically, is therefore only an approximate 


Acacia Catechu. 

2 . Fagrcea fragrans. 

3. UardwicUa binata. 


(i) Extremely durable. 

4. QMesua ferr ea. 

5. Tectona grandis. 

6. Xylia dolabriformis . 


1- Artocarpus hirsuta . 

2. Ariocarpus Lalcoocka. 
B- Berrya AmmoniUa. 

4. Cassia Fistula. 

5 • Cedrus Deodar a. 

0. CMoroxylon Swietenia. 
7 • Cu P r *****torv,losa. 

8. Dalbergia laMfolia. 

9. Dalbergia Sis so o. 

10. lleritiera minor. 

11. Hopea odorut-t. 

12. Hopea parviflorq , 


Very durable. 

13. Lagerstramia Flos-Regina. 

14. Lagerstramia lanceolata. 

15. Michelia Champaca. 

16. Michelia excelsa. 

17. Pentacme suavis. 

18. Pterocarpus dalbergioides. 

19. Pterocarpus macrocarpus. 
20 Pterocarpus Marsupium. 

21. hhorea obtusa. 

22. Shorea robusta. 

25. Soymida fthrifuga. 
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(iii) Durable. 


1. Acacia arabica . 

2. Adina corclifolia, 

3. Albizzia Icbbelc . 

4. Albizzia procera. 

5. Carey a arbor ea. 

6. Dipterocarpus tuber culatus. 

7. Eugenia Jambolana, 

8. Gmelina arbor ea. 


9. Lagerstrcemia tomentosa. 

10. Melia inclica. 

'11. Miliusa velutina. 

12. Ougeinia dalbergioides. 

13. Finns excelsa. 

14. Schima Wallichii. 

15. Terminalia tomentosa. 


(iv) 


1. Abies Pindroiv. 

2. Anogeissus latifolia. 

3. Cedrela Toona. 

4. Dillenia pentagyna. 

5. Dipterocarpus alatus. 

6. Dipterocarpus turbinatus • 

7. Mangifera indica. 


Fairly durable. 

8. Odina Woodier. 

9. Dice a Morin da. 

10. Finns longifolia. 

11. Quercits spp. 

12. Schleicher a trijug a. 

13. Terminalia belerica. 

14. Terminalia Chebula. 


1. Bombax rnalabaricum. 

2. Bosioellia serrata. 

3. Butea frondosa. 

4. Erylhrina suberosa. 


(v) Slightly durable. 

5. Ficus spp. 

6. Spondias mangifera. 

7. Treivia nudijlora. 


(vi) Perishable. 

1. Cochlospermum Gossypium. 4. Sapium insigne. 

2. Dalbergiu paniculate*,. 5. Sterculia spp. 

3. Moringa pterygosperma. 


Section XI.—Combustibility and Heating Powek. 

1. General Account. 

Bv tlie combustibility of a wood is meant the readiness 
which it catches fire, and having caught fire continues 
In burn until only ash remains. The heating power of a 
wood is the quantity of heat emitted by a given weight of 
wnnrl during the process of combustion. When a wood burns, 
its carbon and hydrogen unite with the oxygen of the air and 
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pass off as carbon dioxide and water vapour, whilst the 
inorganic elements present in the wood remain behind as 
incombustible ash. The conditions which affect the combusti¬ 
bility of a wood do not always affect its heating power in the 
same way, but the two properties may nevertheless be con¬ 
sidered together and compared or contrasted as the case may 
be : the chief of these conditions are as follows :— 


(^0 Dryness of the wood .'—Moist wood ignites with 
more difficulty and gives out less heat than dry 
wood, because much of the heat produced is 
absorbed in converting the water into vapour. 
(2) Anatomical structure .—Porous wood ignites more 
readily and burns more rapidly than wood of 
dense structure, owing to the free admission 
of oxygen m porous woods. A steady heat is 
gLven out for a longer period by woods of dense 
structure than by porous woods. 

(<j) soundness.— Unsound wood gives out less heat than 
sound wood, as loss of carbon and hydrogen is 
occasioned by the disintegration of the tissues. 
-Decayed wood takes fire readily and burns 
slowly and without flame. 

(4) Presence of resins , oils , etc. —The presence of resin, 
inflammable oil, and other similar substances 
increases the combustibility and heating power 
of wood: thus the small branches of many 
conifers burn readily when freshly cut and 
covered with needles. The resinous wood of the 
stumps of deodar and other conifers is used as 
torch wood on account of its inflammable nature • 
m the Khasia Hills and the Shan States the 
wood of Finns Khasya, naturally very resinous, 
is artificially made more so for kindling pur- 
poses by cutting a hole in the lower part of the 
stem removing the hark and a little wood lust 
above it ; the wood above the hole, which gets 
saturated with resra, is then cut out and used 
• ° r unt m S'; \ wws evcelsa is treated similarly 
... m some parts of the Himalayas. 

' o/ //;c pieces of ivoocl. The smaller the pieces 
lh<> o ° <1 j USe , < i * i° < l ui ?^ er the combustion and 

of thn! • e ] i eat i lv ? ou t ill a short space 
i owing to the fact that oxygen can 


miST/fy. 



obtain ready access to the burning pieces of 
wood. If the fragments of wood are too small, 
however, combustion is retarded : thus sawdust 
burns with difficulty, merely smouldering and 
giving out little heat. 

2. Methods of determining the Keating Power of Woods. 

Various methods have been employed to determine the 
heating (or calorific) power of woods, but the figures obtainod 
thereby are apt to be misleading, since a wood with a high 
calorific power is not necessarily a good fuel. The calorific 
power of fuel may be measured by the quantity of heat 
generated by the combustion of a unit weight of the fuel in 
oxygen, and is expressed either in calories or in British 
Thermal Units (B. T. U.). A calorie is the quantity of heat 
absorbed by one gram or kilogram of water when its tempera¬ 
ture is raised 1° C, while a B. T. U. is the quantity absorbed 
by one pound of water when its temperature is raised 1° 
Pahr. The results of tests made in 1910-11 by Puran Singh 
with a number of Indian woods are given below. 

Another common method of finding the calorific power of 
wood is to find the quantity of water at 0° C. which is 
evaporated by a unit weight of the wood at a given tempera¬ 
ture and pressure ; the water, instead of being at 0° C. may be 
at boiling point when the experiment starts, the quantity of 
water evaporated by a unit weight of the wood being then 
determined. The results of tests made by this method in 
1894-96 by Dr. Leather are given below. Por the accurate 
comparison of the calorific powers of different woods, the 
samples should first be artificially dried till they have parted 
with all their moisture. 

Some of Puran Singh’s results, referred to above, are 
given in the following table, the woods being arranged in 
order of calorific power and the results exjwessed in 

B. T. U. 


’ Species. 

Calorific power 
(for complete¬ 
ly dried woods) 
-B. T. U. 

1 Pinus longifolia ...... 

9,144 

2 „ excelsa 

8,957 

8 Shorea robusta 

8,881 


F 
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Species. 


Calorific power 
(for complete¬ 
ly dried woods) 
—B. T. U. 


4 Terminalia tomentosa 

5 Xylia dolabriformis 
C Bridelia retusa 

7 Holoptelia integrifolia 

8 Terminalia belerica 

9 Pterocarpus macrocarpus 

10 Acacia arabica . 

11 Carallia intege$rima 

12 Tectona grandis (Plantation grown) 

13 Chloroxylon Swietenia 

14 Tectona grandis (Naturally grown) 

15 Albizzia procera 

1G Ougeinia dalbergioides . 

17 Berrya Ammonilla 

18 Dalbergia Sissoo . 

19 Casuarina equisetifolia . 

20 Cedrela Toona 

21 Cedrus Deodara . 

22 Homalium tomentosum 

23 Lagerstroemia tomentosa 

24 Picea Morinda 

25 Acacia Catechu 

26 Abies Pindrow 

27 Kydia calycina 

28 Bombax malabaricum 

29 Gmelina arborea 
80 Quercus dilatata . 

31 Garuga pinnata 

32 Odina Wodier 

33 Quercus incana 

34 Oroxylum indicum 

85 Lagerstroemia parviflora . 

36 Boswellia serrata . 

37 Quercus semeoarpifolia . 

38 Anogeissus latifolia 

39 Calophyllum spectabile . , 

40 Mallotus phiiippinensis . 

41 Pterocarpus Marsupium * 

42 Buchanania latifolia 

43 Spondias man gif era 
41 Sterculia villosa 

45 Cassia Fistula 

46 Adina cordifolia . . . 


8,862 

8,829 

8,829 

8,788 

8,787 

8,734 

8,665 

8,579 

8,568 

8,566 

8,556 

8,373 

8,368 

8,366 

8,312 

8,239 

8,239 

8,239 

8,239 

8,239 

8,239 

8,219 

8,139 

8,139 

8,130 

8,075 

8,073 

7,950 

7,909 

7,908 

7,889 

7,882 

7,765 

7,585 

7,481 

7,389 

7,344 

7,324 

7,322 

7,251 

7,251 

7,209 

6,939 
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Dr. Leather’s results alluded to above are contained in 
the following table:— 


Species. 

Evaporative power (number of lbs. 
of water at 212° F. evaporated by 

1 lb. of wood). 

Acacia arabiea ( 3 samples) 

6-02—8-88 

„ Catecliu (13 „ ) 

7-86—9-09 

Albizzia amara ..... 

8-88 

Anogeissus latifolia (3 samples) 

7-65—9-01 

Bamboos (3 „ ) 

7-65—8-68 

Boswellia serrata .... 

8-27 

Cleistanthus Collinus .... 

7-86 

Dillenia pentagyna (3 samples) 

8-18—9-29 

Diospyros Melanoxylon 

7-45 

Dipterocarpus tuberculatus (4 samples) 

8-47—8-68 

Eucalyptus Globulus .... 

8-47 

Eugenia Jambolana (6 samples) 

8-16—8-79 

Lagerstroemia parviflora (3 samples) 

8-06—S-88 

Pkyllanthus Emblica .... 

8-27 


To compare these figures with B. T. U. they should be 
multiplied by 9657. 


3. Value of Woods as Fuel. 


The value of a wood as fuel does not always depend 
on its calorific power, there being many other properties 
to take into consideration. Thus, although the calorific power 
of Finns longifolia is exceptionally high, it is not a good 
fuel for ordinary purposes owning to the manner in which 
it crackles and throws out sparks; the wood of Diospyros 
tomentosa has a similar habit of throwing out sparks wdiile 
burning. The woods of Tamarix articulata and Kydia 
calycina give an offensive smell when burning; that of 
Rhododendron cinnabarinum emits a smoke which causes 
irritation to the face and eyes. The v r ood of Rliododendron 
arboreum is apt to smoulder instead of binning with a 
flame, while that of Roswellia serrata burns readily in 
small pieces, but slowly and with much smoke in large 
billets. Teak-wood is not a suitable fuel for cooking pur¬ 
poses owing to its smokiness, though for heating purposes 
it is considered a good fuel, 

¥ & 
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Although it is not always easy to find a reason for 
differences in the quality of woods as fuel, persons who are 
in the habit of burning wood, whether for domestic or for 
industrial purposes, can soon determine which woods aro 
suitable and which are unsuitable for their requirements. 
Among woods which are considered bad as fuel may be 
mentioned Michelici excelsci, Garuga pinnata, Dalbergia 
oultrata , D. paniculatei, Tier is ovedifolia, Salvador a spp., 
Odina TViodier , Ficus spp., Mangifera inclica, Fetssia longi- 
folia , Ailanthus excelsct, Fuchanania latifolia, Fauhinia 
racemose , JDolichandrone falcata , as well as those above 
mentioned. Local custom sometimes regards fuel woods 
from different points of view : thus Schleichera trijuga is 
considered a good fuel in some parts, but in others it is 
not. Acacia arabica, too, although a good fuel, is some¬ 
times objected to for locomotives on the ground (which may 
or may not be correct) that it injures the boilers in 
burning. The same objection is raised to Morus indica. 

-Fuel woods require different properties according to the 
uses to which they are put: for warming a room a steady 
continuous heat is desirable, whereas for bakers’ ovens and 
brick-kilns an intense heat is required for a short time. 
Certain fragrant woods are burnt as incense, for example 
Cupressus torulosa , Juniper us recurva , Taxus baccatci and 
Santedum cdbum. 


Section XII.—Colour, Grain, and other 
Properties. 

The value of a wood for furniture, panelling, carving, 
turning, etc., depends largely on its colour, grain and 
texture ; these and other properties, such as scent, may 
therefore be of considerable importance in affecting the 
demand for and the market price of various woods. We 
may conveniently deal with these properties separately under 
the heads of ( 1 ) Colour, ( 2 ) Grain and Texture, (3) Odour 
and other properties. 


1 . Colour . 

hict T lsan immense variety in the colours of the vari- 
of' rrvl lan n Woods ’ but by far the majority are some shade 
, brown, or grey, while many are whitish 
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The sapwood is usually pale in colour and of little interest • 
it is the lieartwood which generally supplies the woods 
sought after for their handsome, colouring. Most woods 
darken with age, so that a wood which may be yellowish 
or pale brown when freshly felled often turns a rich brown 
on exposure to the air for a time ; this is the case with 
teak, Artocarpus Chaplaslm and Lalcoocha and many other 
woods. 

The Andaman padauh (Vterocarpus dalbergioicles) owes 
its value as a decorative wood to its rich red colour; this 
colour, however, fades on exposure to the air unless the 
wood be treated by French polishing or some-other process 
which will protect the surface. This loss of colour is notice¬ 
able in other woods besides padciuh. Like certain other 
red woods, Andaman padaulc varies greatly in the rich¬ 
ness of its colour, even when freshly cut, the so-called 
u off-coloured” logs being far inferior in value to “prime- 
coloured ” logs. 

Some woods, instead of being uniform in colour, are 
streaked or mottled with darker or lighter markings : some 
of the most striking woods in this respect are to be found 
among the variegated ebonies, for example the woods 
known as the “ Marble-wood ” of the Andamans (Diospyros 
Kurzii) and the “ Calamandar-wood ” of Ceylon (D. 
qucesitci ), in which bands or streaks of black are inter¬ 
mingled with a groundwork of greyish colour. Other, 
though less striking, examples arc the following :— 


Species. 

Colour of groundwork. 

Colour of streaks. 

Rhus Cotinus .... 

Dark yellow 

Brown. 

Pistacia integerrima 

Yellowish brown 

) Yellow and dark 
J brown. 

Mangifera indica (old trees) . 

Dark brown 

Dalbergia Sissoo .... 

Browu , , , , 

Black. 

„ cultratn . 

Black .... 

Dark brown. 

„ Oliveri . . 

Red. 

Dark purple. 

„ lati folia 

Dark purple • 

Dark red. 

Ptefoearpus Marsupium 

Yellowish browu 

Black. 

Hardwickia. binnta 

( Dark purple or 
( purplish-black 

Brown. 

Black. 

Albizzia Lebbok . . * . 

Dark brown 

Darker browu or light 
brown. 

Darker brown. 

Terminalia tomenfcosa 

Ditto .... 

Juglans regia .... 

Greyish brown , 

Ditto. 


As the colour often varies much in different specimens of 
one and the same species, it is not possible to classify woods 
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■Dulema mdica, Mesua ferrea (dark red) 
ScJnma TTallichii, lleritiera minor dark redk 
Meha mdica, Cedrela Toona, Bterocarpn 
dalbergioides, P. santalinus (dark red) P 
macrocarpus (bright yellowish red to dark brick 
rod). Acacia Catechu, Careya arborea (dull red) 
Lagerstrcemia Flos-Regina;, Bipterocarpus 
alatus (greyish-red), Billenia pentaqma 
(gieyish-red), Eugenia Jambolana (greyish-red) 
Finns excelsa (pale red), 1 

(Wi) 01 olive -brow n.-Chickmssia 

araidil(\ u ?'T ,S Mars m^ Tectona 
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ioicles , Xylict dolabriformis , Acacia arabica 
(pink wlien fresli cut), Bassia latifolia , Quercus 
incana. 

(viii) Brown or greyish-brown. — Shorea robust a, S. 
obtusa , Bentacme suavis , Dalbergia Sissoo , 
Albizzia L ebb eh, Terminalia tomentosa , Cupress - 
tomdosa, Lager sir ccmia parviflora , Juglans 
regia. 

(ix) Purplish. —Dalbergia latifolia (dark), D. cwZ- 

trata (very dark), Hardwickia binata (dark), 
Brosopis spicigera (purplish-brown), Termi¬ 
nalia Chebula, Anogeissus latifolia (purplish- 
brown). 

(x) Black. —Diospyros Ebenum , D. tomentosa, D. 

Melanoxylon , Borassus flabellifer (outer hard 
wood). 

2 . Grain and Texture. 

As has already been seen, the grain and texture of a wood 
influence its hardness, weight, strength, fissibility, and other 
properties ; here, however, wo are concerned rather with the 
ornamental effects of grain and texture and with their effect 
on the working qualities of woods. Certain woods have such 
a cross-grained structure that it is difficult to get a plane 
sharp enough to plane them smooth, for example Shorea 
robusta , Soymida febrifnga , ChicJcrassia tabularis , Hard - 
wickia binata , Bterocarpus macrocarpus , Ougeinia dalberg - 
ioides, and Xylia dolabriformis. A wavy grain often tends 
to make wood ornamental when cut longitudinally, by ex- 
loosing alternate layers of fibres running in different directions 
on the cut surface. 

Exaggerated waviness of fibre, or the presence of nu¬ 
merous dormant buds, may greatly increase the value of a 
wood for ornamental purposes ; thus the “ burrs ” of Albizzia 
Lebbck and Juglans regia are very valuable, fetching a much 
higher price than the plain wood ; the burrs on Terminalia 
tomentosa also produce a handsome wood, not unlike walnut. 
The ornamental “ bird's-eye ” maple receives its markings 
from dormant buds, round which the fibres twist in various 
directions. The teak grown on the banks of the Godavari in 

open situations has a gnarled appearance, and produces 
a timber which, by reason of its beautiful wavy grain, 
commands an exceptionally high price for cabinet work. 
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The capacity of a wood for taking a go6d polish depends 
largely on its grain and texture, loose-textured soft or rough 
woods being inferior in this respect to more compact finer 
grained woods. Among common examples of rough woods 
may be mentioned Dillenia pentagyna , Schima TFallichii , 
Mangifera indica , and Eugenia Jambolana. 

Tor ornamental purposes one of the most important re¬ 
quirements of a wood is a good silver-grain, which is exposed 
on a radial section, the medullary rays being cut lengthwise. 
Some woods possess no conspicuous silver-grain, but others, 
particularly those with large or medium-sized medullary rays, 
show it to great advantage : handsome woods, however, are 
frequently spoiled through faulty conversion, for it is often 
forgotten that to display the silver-grain the wood must be' 
cut on a radial section or as nearly so as possible. Among 
woods conspicuous for their handsome silver-grain are 
Carallia integerrima , Phizopliora mucronata , Primus 
Puddum , Cordia vestita , Ilex spp., Acer spp., Quercus spp., 
and several of the Meliacece , particularly Soymida febrifuga, 
Chickrassia tabulates, and Cliloroxylon Sioietenia. 


3. Odour and other Properties. 

Odour may affect the value of a wood favourably or 
adversely, according to its fragrance or disagreeableness. 
The most important of the fragrant woods of India is 
tantalum album , the Sandalwood of Southern India. Another 
fragrant wood is the Burmese c< Kalamet,” Mansonia Gagei. 
Aquilaria Agallocha , a tree of North-East India and Tenas- 
serim, gives the fragrant " Eaglewood ” of commerce, found 
as masses of harder and darker-coloured wood in the interior 
of old trees. Among other woods possessing a certain 
fragrance may be mentioned Cordia fragrantissima , Along* 
ium Lamarckii , Premnd integrifolia , Melia indica , Cup* 
ressus torulosa , Cedrus Eeodara , Pterocarpus macrocarpus , 
Olea dioica and Cinnamomim spp., including the well- 
known camphor-wood of Japan (Cinnamomim Camphora). 

Many woods have a more or less disagreeable odour, 
common examples being Sberculia urens , Cedrela serrata , 
and Greicia oppos'd'folia, particularly when fresh cut. Some 
woods have other noxious properties; for example that of 
Semecarpus Anacardium contains an acrid juice, and timber 
cutters dislike cutting it owing to the irritation and swelling 
which the juice causes; similarly Holigarna Helferi , also 


belonging to tlie Anacardiaceoe, lias a black acrid juice which 
raises blisters. 


Section XIII— Freedom ok otherwise from Defects or 
Unsoundness. 

Under defects and unsoundness in wood are included 
all abnormal conditions of .the wood which permanently re¬ 
duce its utility. Unsoundness, being due to one particular 
cause, namely, the attacks of fungi, will be considered separ¬ 
ately ; under defects may be included various abnormalities 
which will be dealt with first. 


1 . Defects. 


Defects may be broadly divided into four classes, (1) 
Defects due to rupture of the tissues , (2) Defects due to 
manner of growth, (3) Defects due to the presence of healed 
plants' Jl I>e f eGts clue to the atiac ks of insects or parasitic 


(1) Defects due to Rupture of the Tissues. 

Such defects, which are technically known as shakes, arc 
caused by the separation of the fibres along one or more lines 
wind 1 may be comparatively short or may extend throughout 

°m t1 ^ t , r . ee ' Shakcs are of three kinds, (a) 
ilea/) t-sliahe, (h) Radial-shake, (c) Cup-shalce. 

{a) Dear t-shake. —Heart-shake consists of a crack starting 
rom the pith and extending outwards more or less radially! 
W hen there is only one crack, which may extend right across 
the pith, it is termed simple heart-shake {vide Plate I, fig. i) 
ij. ^'hen there are several cracks radiating out from the centre 
it is termed compound heart-shake or star-shake {vide Plate I, 
hg. 2). Heart-shakes occur chiefly near the base of a tree! 
i • i lna ^ exten 4 right up. They are caused usually by 
shrinkage of the inner tissues as the wood in the centre dries * 
hence old trees, whose interior tissues have dried to some 
extent, and trees growing on unfavourable soils, are most 
liable to them. Heart-shakes in trees may also be caused by 
shock, whether by another tree in falling, or by the action 
°t the wind, or when the tree itself is felled. After a heart- 
shaken tree is felled the heart-shake tends to spread further 
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during the drying of the timber : to prevent this as much as 
possible the wood should he slowly seasoned. A heart¬ 
shake consisting of only one crack may not reduce the value ' * 
ot a log. much for sawing purposes, particularly if the crack 
be a straight one, hut if there are many cracks radiating the 
log is of little use as timber. 


(b) Radial-shake (vide Plate I, fig. 3).—Radial-shakes are 
cracks commencing from the outside of the stem and extending 
radially inwards : they are caused by the contraction of the 
outer tissues, this contraction being most commonly due 
to the action of frost, in which case the defect is known 
as frost-crack. *, Radial-shakes may also be caused by sudden 
and excessive heat, such as a hot sun after a cold anight, 
blasts of hot wind, or forest fires; these cracks may be 
aggravated by strong winds, causing the tree to bend and the 
cracks to extend further up the stem. Radial-shakes may 
close up shortly after being formed, but in the case of 
annual severe frosts or fires the crack may be kept open year 
after year, and a ridge is formed up the side of the stem 
owing to the more rapid growth of the tissues along the crack, 
where the pressure of the cortex is removed : in the case of 
frost-cracks these ridges are called frost-ribs. Trees which 
split easily are most subject to radial-shakes. 


(c) Cup-shake. —A cup-sliake is formed when the crack 
follows the direction of the annual rings ( vide Plate I, fig. 4) ; 
it may extend for a distance varying from a few inches to 
the whole way round, in which case it is termed ring-shake. 
Cup-shake may be caused in various ways, for example by 
the shrinkage of the central tissues owing to the loss of 
moisture, by the action of frost, fire, or other forms of 
injury to the cambium, or by shock produced when the tree 
sways during a high wind, or when another tree falls against 
it, or when the tree itself falls. Cup-shake has also been 
known to follow a complete defoliation by caterpillars, 
giving a severe check to the nutrition of the tree, whereby 
it f 1 nG ^ V Wood fails to adhere to that of the previous year ; 

< i. m i S ^ een observed to have been caused by fungus 
do wll ? r . e tlle mycelium spreads up the cambium. The 
-,ice m which cup-shake renders a piece of timber unservice- 
foi* wh' )6 } U iT? n extent of the defect and on the purpose 
of twn 1 7? wood is required. Sometimes a combination 

^ three kinds of shakes occurs in one piece of 
5 rendorin £ it useless except as fuel (vide Plate I, fig. 5). 


DEFECTS IN TIMBER. PLflTE L 

1. Transverse section of stem of S antalum album, showing heart-shake, with tendency to star-shake. 
(Reduced 

2 Transverse section of stem of Cedrus Deodara, showing more extensive star-shake. 

(Reduced 

3. Transverse section of stem of Phyllanthus Emblica , showing radial-shake due to cracking by 
intense heat in the Central Provinces. (Reduced 

5 

4- Transverse section of stem of Cupressustorulosa, showing cup-shake. (Reduced—). 

6 Transverse section of stem of Cedrus Deodara, showing combination of heart-shake and cup-shake. 
(Reduced p_). 

ID 

6. Transverse section of stem of Picea Mo rind a at a point where a whorl of branches is produced, 
showing formation of knots in the wood. (Reduced ~). 


[To face page 58 
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(2) Defects due to Manner of Growth. 



(a) Twisted fibre.—In this defect the grain of the wood, 
instead of running straight up the tree, twists spirally round 
the axis. The twist may occur from right to left or from 
left to right, the direction being constant in some species, 
hut apparently not so in all. Certain species are more liable 
to twisted fibre than others, for example KardwicJcia binata , 
Populus euphratica , Boswellia serrata , Casuarina equiseti - 
folia , nnd Finns longifolia are often affected. The cause of 
this twisted growth is not accurately known: it is, however, 
more prevalent in some places than in others and is possibly 
due, in some cases at least, to shallowness, and poverty of 
soil. Trees with twisted fibres can often be recognised by 
the corresponding twist in the bark, which is visible extern¬ 
ally. Wood with twisted fibre is not suitable for sawing into 
planks, as the wood is liable to warp, and it is also unsuitable 
for any purpose where straight split-wood is required; it can, 
however, be used for large beams. 

( b ) Knottiness. —Knots are portions of branches which 
have become enclosed in the wood ( vide Plate I, fig. 6). In 
broad-leaved sj)ecies these knots do not differ in texture from 
the wood of the stem to such an extent as is the case in 
conifers, where the knots are often very hard and tend to 
become loose and fall out of sawn boards. The presence of 
knots in large timber is not such a-great disadvantage as 
it is in the case of sawn planks and scantlings, where their 
presence increases the difficulty of sawing and planing, and 
weakens the boards, especially when the knot runs across 
the breadth of the board. Knots are objected to in railway 
sleepers, particularly at the points where the spikes holding 
the rails are driven in. The presence of knots in timber 
can be reduced to a minimum by growing dense-canopied 
woods in which the trees have no opportunity of sending 
out large side branches. 

( c ) Wavy wood and burrs (vide Plate II, fig. 1.)—These 
are more characteristic of some species than of others, and 
as already, explained in Section XII, they may greatly 
increase the value of a wood for onlamental purposes ; where 
strength or fissibility are required, however, they can be 
regarded only as defects. 

(d) Interior bast tissue. —The stems of certain species 
have a peculiar structure in that the tissues of the wood are 
separated at intervals by tissues of interior bast {vide Plate II, 


MINlSr/j.^ 


60 



<SL 


fig. 2.): this is seen in BauUnia Vahlii, Millettia auriculata. 

albergia paniculate, Cocculus laurifolius, many Convolvu- 
ictcece, and certain Capparidece , such as Niebuhria linearis , 
Maruaarenaria, and Caclaba trifbliata. Such a structure 
naturally renders wood useless as timber. Bark and bast 
may . sometimes be included within the stem of a tree by the 
growing together of two branches {vide Plate II, fig. 3 ), or 
u lien the trunk is strongly fluted, long strands of bast and 
bark being grown over at the fluted parts and remaining 
within the wood ( vide Plate II, fig. 4). Such a defect, 
which sometimes occurs in teak, reduces the size of the 
squares and planks which can be cut out of the logs. 

{e) Contortion produced by the encircling of climbers — 
The effects produced by climbers on the shape and develop¬ 
ment of trees are different according to the manner in which 
the climbers grow ; some, like Rosa moschata and Acacia 
Vennata , cling on by means of their prickles, while others 
twine round the stems of trees. As far as the shape of the 
)ole goes the latter class is the more troublesome, in that the 
large twiners so common in tropi cal forests may so contort 
the stems of otherwise sound and valuable trees as to render 
them useless for timber {vide Plate II, fig. 5). Systematic 
cutting, ol climbers in the forests is the only preventive of 
tins serious defect m the timber of trees infested by them. 

(3) Defects due to Presence op Healed Wounds. 

{a) Covered surfaces of pruned branches. —However care- 
iiuiy a branch may be pruned, the new wood which grows 
over the wound never joins completely with the pruned 
surface, and even if the surface be tarred it is difficult to 
prevent the ingress of fungi causing rot in the wood. Even 
ie most careful pruning therefore results in a defect in 
ll!fig°0) wh[o[l considerably reduces its value {vide Plate 

brnVoTi broken branches. — Where a branch is 

this'infl?. 1 l< ? U8Ua11 } 7 forms, into which water settles; 

the tree 3 W ^ lch s P read v[ $ hb bito the heart of 
on either si,h‘ X Up and down ^ dle s f em for some distance 
^undlt^lf^a^s^l wound {vide Plate U, fig. 7 ). The 

of a pruned branch so T'u ^ l ^ l,p * han ? tllC case 
attacks dlining the lla ! lia £° done by fungus 

owing to its duration 1 ol heallBg 18 more extensive 




UtFECTS IN TIMBER —(CONTINUED). PLATE ( | 

Lo ~::r of stem%f — as . .. burr ; 

" T ~" °' St6m °' *<""•« -tun- interior Oast tissue. 

3- Transverse section o. stem o. Ougeinia dalOerglCdes. showing oociuded Oast tissue owing to 
growing together of two branches. (Reduced —). 

Transverse section of stem of Acaclajnt_sla, showing formation of interior hast tissue owing to 
fluting of the stem. (Reduced 

* LO r na ' Se0t '° n S,em , 0, ^^L a ’ con torted growth due to oonstriction 

by climbers. (Reduced 

6- Longitudinal section of stem of Codrela Toona , showing occluded pruned branch. 

Reduced -1). 

?• Longitudina, section o, stem o, Quercus Incan a, showing occiusion o, Oregon branch with attend- 
ant decay. (Reduced^). 

8 - Transverse section of stem of S horea robusta, showing rindgall. (Reduced 1 ) 

[To face page 6o. 




Photo -Meehl. Dept.,ThonmBon UollcRe, Roorkee. 
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(c) Rindgalls —These are defects in timber due to the 
inclusion within the wood of old healed wounds which may 
be caused by a variety of circumstances, such as passing 
carts, falling trees, barking by deer, bears, and other animals, 
tire, etc. During the process of healing rot is very liable 
to enter the wound and spread inwards, while the new wood 
over the wound does not join completely with the old wood, 
thus producing a defect, which may be discovered only 
when the timber is sawn up (vide Plate II, fig. 8). 


(4) Defects btje to Attacks of Insects on Pahasitic 
Plants. 

(a) Insects.— The insects which directly affect the com¬ 
mercial value of timber are the wood-borers, whose attacks 
are at times so destructive as to render wood quite useless as 
timber. We may divide these insects into two classes accor¬ 
ding to their modes of attack :— 

(i) Insects which bore into living trees to lay their 

eggs or pupate. —Against these successful 
preventive measures are most difficult. Somo 
of the most destructive insects of this class 
known at present are the larva of the moth 
Duomitus cer amicus, popularly but erroneously 
called the “ bee-hole borer ” of teak .(which 
bores large tunnels in teak trees in Burma and 
may so reduce the value of the wood as to 
make it useless except as fuel), Stroinatium 
sp., a longicorn beetle which bores into the 
hcartwood of Sandalwood trees, and Apate 
jesnita , a bostrichid beetle which bores into 
Casuarina stems. 

(ii) Insects tohich bore into dying or dead trees , or 

into newly-felled or partly-dried timber .— 
These are dealt with differently according to 
whether they lay their eggs in the bark or 
bore into the wood to lay them ; in the former 
case the wood should be barked as soon as 
felled, while in the latter case all dying or 
dead trees should be felled, and all newly-felled 
timber of any kind should be removed as soon 
as possible, a further safeguard being to place 
the timber in water at once. There are many 
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important boring beetles of this class, chiefly 
bostrichicls, scolytids, and cerambycids. Pro¬ 
bably the most destructive sal borers are 
^Eolesthes holosericea and PLoplocerambyx 
spinicornis, which bore tunnels from to f" 
in diameter right into the heart-wood in order 
to pupate. The eggs are laid in the bark, 
chiefly of newly-felled wood ; hence the neces¬ 
sity for barking the wood as soon as the trees 
are fellecl. 

(b) Parasitic plants .—Fungus attacks are dealt with 
below, under unsoundness; other parasitic plants are not 
usually of much consequence except where the wood of the 
branches and upper parts of the stem is concerned. These' 
plants belong chiefly to the order Loranthaeece, the best 
known belonging to the genera Loranthus and Viscum; 
they do damage by sending in liaustoria which produce 
holes in the wood of their host, rendering it useless as timber 
and reducing its value as fuel. 

2 . Unsonndness . 

(1) General Account. 

I he decay of timber in use has already been dealt with 
in Section X. We are here concerned with decay or un¬ 
soundness which enters the wood of standing trees and 
reduces its value. Slow decay may be caused by° the oxida¬ 
tion and consequent decomposition of the tissues, particu¬ 
larly i a 0 ld trees. The most destructive form of decay, 
however, is caused by the attacks of fungi, whose hyphm 
penetrate into the wood and break down the tissues, causing 
rottenness, which is popularly termed red-rot or white-rot 
according to its colour. These fungi may obtain access 
through wounds in the bark, through the roots, or at the 
place where a branch has broken off, the water which settles 
there greatly facilitating the spread of the fungoid attack. 
Decay spreads rapidly into the tree, and may sometimes 
render the interior of the whole stem rotten, though the 
attack may often be merely local and only affect a & small 
portion of the stem. When the disease appears on the 
outside of the tree the affected portion is known as canker . 
Among root-parasites, that is, fungi which enter the stem 
through the roots, the most destructive hitherto detected in 
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India is Homes annosus , better known as Trametes radici - 
perda, which kills young deodar trees in the Himalayas and 
affects the wood of the lower part of the stem. Among those 
which attack the stem may be mentioned Trametes Fi?ii s 
which causes red-rot in Finns excelsa, Folystrictus egregius , 
which attacks Fathergia Sissoo, Homes (F olypor us) fomenta* 
rius , found on Quercus incana and Betula alnoides } and 
Homes fulms and H. Fappianus which do much damage to 
Xylia dolahriformis and Acacia arabica respectively. 

(2) Detection op Unsotjndness. 

(a) hi standing trees. —TJnsoundness may often be detect¬ 
ed in standing trees by careful examination though it is 
more difficult than in the case of felled timber. The tree 
should be examined for stag-headedness, the presence of 
broken dead branches, holes in the stem, swellings produced 
by the occlusion of wounds, signs of canker, blistering, or 
an abnormal flow of resin, gum, etc.; these may all be indic¬ 
ations of decay. Finally, the stem should be struck with the 
back of an axe or similar implement, when a hollow sound 
will indicate a cavity, a dull soft sound the presence of decay, 
while a clear ringing sound, though not always a proof of 
complete soundness, will at any rate show that there is a 
considerable thickness of sound wood on the outside. 

(h) In felled timber. —The detection of unsoundness in 
felled timber is easier than in the case of standing trees. 
The ends of the logs should be examined for hollows, decay, 
and suspicious colouring or odour. If a hollow be found its 
length may be approximately determined by jibing with 
a long pole or bamboo. Abnormal swellings on the side of 
the log should be cut open or bored into with an auger, 
the fragments extracted being examined for decay, which 
may be detected hy the appearance, texture, colour, and 
odour of the chips. The log should also be hammered at 
different points in order to test the jwesence of hollows or 
decay. The examination of timber is easier when the logs 
are properly arranged on dry land than when floating in a 
river, lying in mud? or heaped up indiscriminately; hence 
the importance of arranging timber exposed for sale in such 
a manner that intending purchasers may have no difficulty 
in examining it, 
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CHAPTER II. 


Industrial Uses of Wood. 

There are few substances more widely used than wood, 
and although iron has superseded wood for many purposes] 
yet statistics show that the world’s consumption of w r ood is 
steadily increasing; a study of its various principal uses is 
therefore necessary to any one tvho is concerned in its pro¬ 
duction. Wood may he broadly classified, according to the 
uses to which it is put, into A.—Timber and B.—Firewood. 

A.—TIMBER. 

Section I.—Classification of Timber. 

The classification of timber varies greatly according to 
local custom, and no system can he said to be universally 
applicable.. Omitting special classes of wood, such as paving- 
blocks, shingles, etc., avc may take the following as a 
general classification of timber used for ordinary purposes:— 

(1) Bound timber , that is, timber obtained by felling 

trees, removing the branches, and cutting tho 
boles into pieces of convenient length, °these 
pieces being variously classed according to 
dimensions as mast-pieces , logs, butts and top- 
pieces (short pieces cut off the thick and thin 
ends of logs respectively), spars (long poles), 
poles , posts , and billets , the last named however 
being commonly obtained from branches, ex¬ 
cept in the case of small trees. The sapwood 
is often removed, or the timber may be other¬ 
wise roughly shaped to polygonal section, in 
which case it is commonly termed rough timber. 
Timber in the round is used for masts, piles, 
telegraph poles, and many other purposes. 

(2) Squared timber .—Such timber is roughly squared 

with an axe or saw, squared logs being known 
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as bcdhs , which are of two kinds, (a) Squares , 
that is, completely squared logs, with rectan¬ 
gular corners, and (b) Waney balks , where the 
rounded surface of the log is left at each corner, 
these natural surfaces being called the wanes , 
and the trimmed sides being called the panes. 
When balks or round logs are split in two down 
the centre, each piece is termed a half-balk. 

(3) Saxon timber .—Such timber cannot be classed 
according to any hard and fast rule, but the 
following classification according to breadth 
and thickness may be taken as being fairly 
general:— * 


Beams— 9" x 9" to 18" X 18" (for large beams in houses, bridges, etc ). 

Scantlings —4" x 5" to 9" x 9" (for supporting floors and roofs, etc.). 

Planks —10" X 2" to 18" x 6" (for wagons, bridges, and other pur¬ 
poses where thick planking is required). 

Boards and deals —(the latter being boards made of coniferous 
wood); 6"x4" to 12"x If" (for floors, door-panels, boxes, etc.). 

Battens —4" x f" to 7" x 3" (for door and window frames, etc.). 

Laths —2" x 4" to 4" x 1" (for lattice-work, supporting shingles on 
roofs, etc.). 


Section II. —Timber usee in Superstructures. 


The term superstructure includes all parts of buildings, 
bridges, and similar structures which are not actually in 
contact with the ground or with water on or in the ground. 

1. Superstructures of Buildings. 

The quantity of timber used in house-building depends 
largely on the available supply of that material; thus in richly 
wooded countries houses are frequently built entirely of wood, 
while in sparsely-wooded countries the amount of wood used in 
construction is reduced to a minimum, and consists only of 
that required for doors, windows, beams and rafters, and a 
few other purposes, the remainder of the building consisting 
of mud, stone, brick, or other material according to the class 
of building and the available supply of building materials. 
For the superstructures of permanent buildings of the better 
class the timber should be strong and durable, strength being- 
required especially in joists, beams, and rafters, and durabil¬ 
ity being particularly necessary where the timber is in 
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contact with masonry. Lightness is a great desideratum , 
especially for timber in the roof, provided strength and 
durability are not sacrificed in the endeavour to obtain a 
light wood. Lor flooring and wall-planking the timber 
should not he liable to warp or shrink, and should there¬ 
fore he well seasoned, while timber for such interior work as 
panelling, ceilings, etc., should be ornamental. Timber for 
interior work is not so severely tried as that exposed to alter¬ 
nations of rain and sun, such as wood used for external plank 
walls, shingles, etc., which are liable to warp and split; wood 
so exposed may he preserved by being periodically smeared 
with crude earth-oil. 

2 . Superstructures of Bridges . 

Timber for bridges being particularly exposed to the 
influence of tlie weather, and being subjected to much strain 
by the application of heavy weights, great strength and dura¬ 
bility, as well as elasticity, are necessary, while if the road- 
surface is paved with wood this should be tough and hard. 

3 . Woods employed for Superstructures. 

The employment of a building timber largely depends, 
apart from its suitability, on its prevalence in a given local¬ 
ity, while local custom and prejudice are often strong 
factors in determining the extent to which a wood is em¬ 
ployed. In India it may be said that three timbers stand 
out above all others as building timbers in their respective 
regions: these are deodar in the Himalayas and adjacent 
tracts, sal throughout a great part of Northern India and 
the north of the Peninsula, and teak in Burma and over the 
greater part of the Indian Peninsula. Deodar, however, is 
sometimes objected to for internal work owing to its strong 
odour. In addition to these three, the following list of 
timbers, though representing but a mere fraction of the 
building timbers of India, embraces every province, some of 
the woods being used only locally and others having a wide 
range :*— 

dties Pindrow : interior planking Adina cordifolia : beams, scant- 
(Himalayas). lings and planking. 

Acacia arabica : beams, rafters, Allizzia Lcbbeh: beams, scant- 
door-frames, etc. lings and planking. 

A. Catechu: beams, rafters, door- A . procera : beams, scantlings 

frames, etc. and planking. 




MINISr^ 


67 



A. pendula : used for poles and 
rafters in A j mer-Mer wara 
and Rajputana. 

Artocarpus CJiaplasha: beams, 
planking 1 , door and window- 
frames, etc. 

A. Jiirsuta : used for house-build¬ 
ing in South India- 

Berrya Ammonilla: used for 
beams and scantlings in 
Burma. 

Bischojia javanica : bridges and 
houses, planking, etc. 

Galophyllum Inophyllum: used 
for house-building in 
Madras. 

Carey a arborea : planking and 
general construction. 

Cassia Fistula : beams and scant¬ 
lings. 

Casuarina equisetifolia: poles 
and rafters (Madras). 

Cedrela Toona: door-panels and 
planking j sometimes used 
for beams and scantlings. 

Cedrus Beodara: much used in 
bridge and house construc¬ 
tion. 

Chickrassia tabularis: beams, 
scantlings and planking 
(Chittagong). 

Chloroxylon Swietenia : house 

and bridge construction. 

Cinnaniomum Cecidodaphne : 

planking (North-Eastern 
Himalayas). 

Cocos nucifera: rafters and 
ridge-poles. 

Balbefpia latifolia: door and 
window-frames, and scant¬ 
lings. 

I). Sis so o : beams, rafters, scant¬ 
lings, door and window- 
frames, etc. 
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Bipterocarpus tuberculatus: much 
used in Burma for planking, 
scantlings, door and windoyr- 
frames, etc. 

B. turbinatus: beams, scant- 
lings, planking, etc. 

Buabanga sonneratioides : beams, 
scantlings and planking 
(Bengal and Assam). 

Eugenia Jambolana: beams 
rafters and scantlings. 

Fagrcea fragrans : house and 
bridge-building (Burma). 

Gmelina arborea : planking, 
panelling, door and window- 
frames. 

Hardzoickia binata: beams and 
rafters, and where great 
strength is required, as in 
bridges. 

Heritiera minor: beams, planks, 
door and window frames, 
and general house and bridge 
construction (Bengal). 

Hopea odorata: bridge and 
house construction, beams 
and scantlings; a durable 
timber (Burma). 

E. parviflora : bridge and house¬ 
building ; an important 
timber of South India. 

//. Wigli tiana : bridge and house¬ 
building ; an important 
timber of South India. 

Juglans regia : beams, scantlings, 
planking, panelling, etc. 
(Himalayas). 

Lagerstrtfmia Flos-Regina: 

planking, beams, rafters, etc. 

L. lanceolata : planking, beams, 
rafters, etc. (Bombay and 
Madras). 

Melia indica: scantlings and 
light beams, door and 
window frames. 


e* fc 
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ferrea : house and bridge 
ilding; beams, scantlings, 
* etc.; very strong and durable, 
but excessively bard and 
heavy. 

Michelta excel'sa : an important 
building timber in the N. 
E. Himalayas. 

Pentacme suavis: beams, rafters, 
and scantlings; very dur¬ 
able (Burma). 

Picea Morinda: interior plank¬ 
ing (Himalayas). 

Pintis excel sa : . general bouse 
construction, beams, scant¬ 
lings, planking, doors and 
windows (H imalayas). 

P. Khasya: ditto. (Khasia Hills). 

P, longifolia : ditto. (Himalayas). 

Pterocarpus dalbergioides : planfe- 
ing, panelling, and ornamen¬ 
tal work ; used in the Anda¬ 
mans for bridge planking 
and general construction. 

P. macrocarpus : beams and scant¬ 
lings; suitable for bridge 
construction and wherever 
great strength and durability 
are required (Burma). 

P. Marsupium : beams, scantlings, 
door and window frames^ 
etc., one of the chief build¬ 
ing timbers of the Central 
Provinces. 

P. santalinus: door and window 
frames and ornamental work 
such as carved verandah 
posts. 

QjM£Tcus dHatafa: beams, rafters, 
etc. (North West Hima¬ 
layas) . 
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Q. fenestrata: beams, rafters, 
etc. (North East Himalayas 
and Khasia Hills). 

Q. lamellosa: ditto. (North East 
Himalayas). 

Schima Wallichii: beams, rafters, 
planking, etc., for houses and 
bridges (North Bengal and 
Assam). 

S/iorea assamica: planking and 
bridge constructions (Assam). 

S. obtusa: house and bridge con¬ 
struction, beams, rafters, 
scantlings, etc.; very durable 
and much used in Burma. 

S. robusta: much used for house 
and bridge construction, 
beams, rafters, door and 
window frames, etc. 

S. Tahir a: ditto. (Madras). 

S. Tumbuggaia: ditto. (Madras). 

Soymida febrifuga : beams, scant¬ 
lings, doors and windows. 

lectona grandis : extensively used 
for the better class of house 
building work of all kinds 
and for bridge construction. 

Ter min alia lelerica : scantlings 
and planking. 

T (Jhebula .* beams, scantlings, 
planking, door and window 
frames. 

T. paniculata: beams, rafters, 
planking, etc. (Bombay and 
Madras). 

T. tomentosa: beams, rafters, 
scantlings, and planking for 
houses and bridges. 

Xylia dolabrifovmis : largely used 
for house and bridge con¬ 
struction in Burma and the 
Peninsula of India. 


„„„ * n ^Wition to these may be mentioned bamboos, whic 
are extensively used for rooting, walls, flooring, etc. 

t T me C:IS ‘ ;S there is no accounting for local prejudice 
am mg the people against certain timbers for building pu 
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Section III.—Timber used in Contact with the Ground. 

Under this head may be included timber employed for 
piles, house-posts, telegraph-poles, fence-posts, mine-props, 
paving-blocks, and railway sleepers. 


1. Piles. 


When bridges, large buildings, or other heavy structures 
have to he built on soft earth it is necessary first to prepare a 
solid foundation by driving in wooden piles to support the 
structure. Such timber is greatly exposed to the action of 
funo'i unless it is completely covered with water, as in the 
case of bridge piles : for this reason it should possess great 
durability, while it should be tough in order to resist shearing 
and splitting when driven in by the heavy blows of the pile- 
driver. Piles should be made of round timber, in order to 
preserve their strength and lessen the work of driving them 
m ; for this reason the best piles are obtained from straight 

clean boles. 

Tho following are somo of. the chief woods used for 


piles : 


Acacia Catechu. 
Artocarpus Lakoocha. 
Bassia longifolia. 
Bisch ofia j avanica. 
Cassia Fistula. 

C hloroxylo u Siv xetenia. 
Careya arborea. 

Cedrus Deodara. 
Fagrcsa fragrans. 
Hardwickia binata. 
Heritiera minor. 
Iloyea odorata. 

II. parvi/lora. 

II. Wig/itiana. 


Lage r sir ami a Ftos-Begincc. 
Mesua ferrea. 

Mimusops Flengi. 

M. hexandra. 

M. littoralis. 

Ventac.me suavis. 

Prem na ben gat en sis. 
Pterocarpns dalbergioides. 
Shorea obtusa. 

8. robusta . 

Tectona grandis. 

Terminalia tonieatosa. 
Xylia dolabriformis. 
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2. House-Posts and Fence-Posts . 



Timber employed for these purposes is much subject to 
decay, especially near the surface of the ground, and it should 
therefore be as sound and durable as possible, sapwood being 
removed. Straightnessjg a necessary quality for house-posts, 
and as they have to bear considerable weight, strength is a 
further requisite. The species mentioned above as suitable 
for piles are also suitable for house-posts and fence-posts, while 
in addition may be mentioned the following:— 


Acacia arabica. 

Albizzia LebbeJc. 

A. grocer a. 

Avlo car pus Chaplasha. 

A . hirsuta. 

Bassia latifolia. 

Berry a Ammonilla . 
Borasms f,abellif er. 
Bridelia retusa. 
Chickrassia tabular is, 
Cleistanthus eollinus. 
Cocos nuci/era . 

Cupressus torulosa. 
Balbergia latifolia . 

B. Sissoo. 

Biospyros Melanoxylon. 


B. tomentosa. 

Eugenia Jambolana. 
Garcinia speciosa. 
Lagerstrocmia lanceolata. 
B. parvifiora. 
Melanorrhaa us it at a. 
Melia indica. 

Ougeinia dalbergioides. 
Phoenix sylvestris. 
Pterocarpus macrocar pus. 
P. Marsnpium, 

P. santalinus. 

Shorea Talura. 

S. Tumbuggaia. 

Soymida febrifuga. 


3. Telegraph Poles. 

Pew woods are now \ised for telegraph poles in India, 
except for temporary lines. The more durable woods suit¬ 
able for piles and for house-posts could if necessary be em¬ 
ployed for the purpose. In Burma the woods used are teak, 
Xylia dolahriformisy Lager si rcemia Flos-Pegirue , Pentacme 

suavis and Shorea oblusa. Only heartwood is used, and 
the poles are not treated in any way except that they are 
usually charred or coated with tar at the base. With the 
exception of teak, which is too expensive for general use, 
Xylia lasts better than the others. 

On the North-West Prontier, deodar, birch (Betula 
utilis)i white poplar (Populits alba) and pine have been 
employed, but of these deodar is the only wood which has 
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been found to last well. The poles are usually charred or 
tarred at the base. 

4. Mine, Props. 

Mining-timber is required for supporting the galleries of 
mines, and as it is employed m moist still air and often in 
contact with damp soil, it is much exposed to decay “Bor 
this reason durable timber should be employed, while it should 
also be sufficiently strong to support the sides and top of the 

gallery. # 

Mining-timber is usually employed in the round, in e 
form of poles and posts. Where mine-props are much in 
demand the most durable timber is often not available in ^Uc 
tily sufficient to supply the demand, m which case loss suit, 
timbers have to be employed. Timbers which have been 
found most suitable in the Warora colliery. Central Provinces, 
are Terminalia tomentosa and Diospyros Melanoxylon, while 
those employed at the Mohpani colliery, Central Provinces, 
are Terminalia tomentosa , Boswellia serrata, Odvna If o<Mr 9 
and Buchanania latifolia : other timbers are also accep ec 1 
of the proper size, provided they are sufficiently durable. 
The principal sizes of props required are 6 to 12 feet in 
length and 4i to G inches in diameter ; logs of Terminalia 
tomentosa over B feet in girth and 15 to 20 feet in length 
are also employed. In the Kolar gold fields Afiogeissus 
latifolia , Eopea parviflora , Shorea Talnra and Terminalia 
paniculata are among the commonest timbers used. In the 
Dandhot colliery, Punjab, the timbers employed are tear us 
Deodar a , Finns excelsa and P. longifolia • 

5 . Paving-blocks. 

Wooden blocks have for many years been employed for 
navino' the surface of the streets of large towns, and tins form 
of navin 0 * which has been found most successful, is coming 
more <md more into use. The blocks used vary as a rule 

from 6" to 10" in length, 8" to 4 in width, and 4 to 6 in 
depth : they are laid with the gram vertical on a firm founda¬ 
tion of concrete 5" or 6" thick, and cemented together 
by pitch poured between them in a molten stale. W ooden 
street-paving forms a durable and comparatively noiseless 
road-surface? while the quantity of dust and mud produced 
is small compared with that produced on a macadamized 
road It is essential that the concrete foundation should be 
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uuiforln 7 -- the , ) woodcn . bl °cks should be of 

unevenly, and hollows '| Se r ° a d|£urface wears away 

largely employed T. Tf ^ L ° ndon the woods most 
woods iaS fpi , , Cre ° SOted P V and thc Australian 
color) J V^ulyplmmarffimta) and karri (.#. diversi- 
wear and tent A re ^ lllsl * es are durability, resistance to 
and contrS „ 9 f1°r undue tendency to expand 
tlie fpvfnvn p ii° a k S01 ^ liquid, or to wear unevenly, that is 
« i) U1G wo °d should be even. Some of the stvppf <3 

of Rangoon were laid with blocks of teak and pymkado 
[Xyha Mabrifarmis) in 1896 and subsequent yearsf and the 
blocks have been found to wear verv well tbp pmOincf 
ment laid down being in 

requiring little or no repair. Blochs nf ’ - 

tubcrculatus were tried for wood-paving in Raif^on^’^ 


6. Railway Sleepers. 

(1) Properties required. 

Wood for railway sleepers should be durable in order t, 
withstand the attacks of insects inH fnnm ib, 
influences to which it is exposed : it should C 1 1 matl( 

tough enough to resist the cutting andcrashW 

subjected by the constant passing 0 f hcwr * ' «T -1 
The wood should in addition be free from TV* 

defects, sound, free from sapwood and not lilfw 1 ° the: 
split. The sleepers themsXs shouM W f ® to 1 T ai ' P 1 ant 
the correct dimensions,while^ twlouH he f h * a l d ? 
at the points where the spikes whfeh hold thot , fl ' 0m , knotl 

(2) Dimensions op Sleepers. 

5 fit 6 kchi 1 "^.oad eauffel ff | r f et of railwa y lines 

i'uoad gauge), 3 feet 3f inches (metre-gauge) 
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2 feet 6 inches and 2 feet 0 inch (narrow gauges). There 
is a standard size of sleeper for each gauge, but in practice 
the actual size varies slightly on different railways. The 
following table gives the dimensions of sleepers for each 
gauge and the number of sleepers required per mile of rail: 


Gauge. 

Standard dimen¬ 
sions of 
sleepers. 

Dimensions actually emploj'ed. 

Standard 
number 
of sleepers 
per mile. 

Actual num¬ 
ber of sleepers 
used per mile. 

5'-6" 

9' 6"x 10 7 X 5" 

9' 0 V x 9" x 5" to 10' 0"xl0"x5' 

1,906 

1.760 to 2.200 

3'-3f 

2'-6" 

6' 0"xS"x4|" 
5'0"x6"x 4" 

6' 0" x 8" x 4" to 7' 0" x 9" x 5" 
5' 0" X 6" x 4"and4' 9" X 7£" x 4" 

1,936 

-) 

1,900 to 2,460 

2-0" 

4' 0'' x 6" X 4" 

4 / 0' / x 6" X 4" 

[ 2,000 

Maximum 2,200 


Tor light rails a larger number of sleepers are required 
per mile than for heavy rails. Where sleepers are sawn 
up in the forest and floated out it is customary to cut 
them about J inch larger in breadth and depth and 3 to 6 
inches longer than the required size to allow for loss due 
to wear and tear in floating. At points and crossings 
specially long sleepers are required, their number varying 
with the length of tongue rail and the angle of crossing. 
In the standard switch and crossing most in use the total 
number of sleepers would be about 42, of which 8 would 
be ordinary sleepers and 34 special sleepers of different 
lengths. 

(3) Woods employed for Sleepers. 

The Indian woods at present most used for sleepers are 
sal, deodar, and Burmese pyinkado (Xylia dolabrifonnis ); 
teak has been a good deal used on some of the railways 
of the Indian Peninsula, and is a very durable sleeper 
wood, but it is now generally considered too valuable for 
extensive use. Various other woods are used more locally 
and to a smaller extent, the most important being, Mesua 
Jerrea, JBischofia javanica, Lagerstroemia parviflora, Ptero- 
carpus \Ma)'8upivm, ILopea parviflora, and Terminalia 
tomentosa. Of foreign woods, Jar rah {Eucalyptus marginata) 
and other species of ^Eucalyptus from Australia, and creosoted 
pine (Finns sylvestris) from Norway, are employed. It is im¬ 
possible to come to any definite conclusion as to the respective 
merits of the different woods used, as the various railway 
administrations differ in their opinions. A good deal of con- 
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fusion lias no doubt been caused by the fact that inferior woods 
have from time to time been passed off as something better, thus 
giving a bad reputation to the genuine article which it is 
difficult to remove. In judging of the suitability of a wood for 
sleeper purposes it is necessary to take into account not only 
its durability, but also its capacity for resisting wear and 
tear. In Northern India deodar and sal are the woods most 
employed; of these the latter, if of good quality, is superior 
to the former in resisting wear and tear, but is much more 
liable to warp. As regards durability there is little to choose 
between the two: on the Oudh and Bohilkhund Bailway, 
however, the s(d obtained from Nepal is considered superior 
to deodar in durability as well as in resisting wear and tear. 
Teak is considered on most railways to be the best of all 
sleeper woods in every respect ; it is, however, usually too 
expensive to employ on a large scale, and on some railways it 
is used only for bridge sleepers which have to be bedded on 
ironwork, or for points and crossings. Xylia dolabriformis 
has a high reputation and is extensively employed in Burma 
except on iron bridges, where teak is used. On the Bengal 
and North-Western Bailway it is ranked equal with sal 
as the most durable sleeper wood, being considered superior 
to deodar, while on the Assam-Bengal Bailway it also 
occupies the first place, being considered superior to sal; 
sleepers for these as well as for some other Indian Bailways 
are obtained from Burma, where there are large supplies of 
this timber in places as yet unworked owing to their inaccessi¬ 
bility. The Jamba {Xylia sp.) of Bombay has not given 
satisfaction, and appears to be much inferior to the Burma 
wood in technical properties. The best indigenous sleeper 
wood in Assam is Mesua ferrea : it is an excellent wood, but 
is excessively hard and heavy, causing difficulty in conver¬ 
sion and extraction. 


(4) Causes of Deterioration in Sleepers. 

It may be said generally that the main causes of de¬ 
terioration in sleepers are rot, climatic influences, and mech¬ 
anical wear and tear. Insects play only a secondary 
part, and are seldom destructive except on little used 
sidings, where white-ants sometimes destroy the sleepers. 
The nature of the ballast used makes a great difference to the 
lasting power of a sleeper. The worst forms of ballast 
are clayey material which will not drain properly, soft de¬ 
caying stone, and soft inferior kunker, which disintegrates 
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into a clayey substance. Sleepers will last best in clean 
ballast of broken stones, the ballast haying a depth of S to 
12 inches below the sleeper to ensure good drainage, and 
completely embedding it to keep it steady. In damp 
climates and in moist badly-drained cuttings sleepers will 

naturally decay more quickly than m dry climates or on well 
drained soil, while most mechanical wear takes place on sharp 
curves and on lines where the traffic is heavy. 

Various systems of antiseptic treatment have been 
proposed or adopted to prolong the life of railway sleepers ; 
some of these are described on pages 288 to 297 . 

Most forms of impregnation, however, are not suited 
for hard closed-grained woods, while the softer, woods are 
inferior in mechanical powers of resistance. Splitting may 
be prevented by bolting the ends or binding them with hoop- 
iron, while tarring helps to keep out moisture and prevent 
cracks and decay; the bolting or binding combined with 
tarring is carried out in Madras at a cost of 2-g- to 3 
annas per sleeper. Soft-wood sleepers are made more 
lasting in America by having slabs of hard-wood “ bearing- 
plates ” inserted at the jioints where the chairs or rails 
rest on them, while successful experiments have recently 
been made in India in the use of hard-wood dowels or 
plugs let into sleepers of soft-wood, the rail spikes being 
driven into these dowels, which prevent the spikes from 
working loose. 

(5) The Supply of Sleepers. 

The total length of railways in British India, including 
Native States, at the end of 1910 was 32,099 miles, of which 
16,701 miles were of 5 feet 6 inches gauge, 13,530 miles of 
3 feet 31 inches gauge, 1,430 miles of 2 feet 6 inches gauge, 
and 432 miles of 2 feet 0 inch gauge. During the five 
years 1906 to 1910 inclusive the average annual length of 
new line opened was 760 miles, and if this figure be accepted 
as an estimate of the mileage of new lines to be opened for 
the next few years, it will he readily understood that the 
quantity of 1 sleepers required for new lines alone will be 
considerable, being probably some 15 lakhs of sleepers per 
annum, of which, ^however, a proportion would be of metal. 
In addition to this the number of renewals of wooden sleepers 
on existing lines- would probably amount to at least 34 laklis 
per annum, so that a total of well over 40 lakhs of wooden 
sleepers per annum would not be too high an estimate of the 
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number for some years to come, should the present proportion 
of wood to metal sleepers continue. 

It will be seen from these figures that the supply of 
the best kinds of sleepers from the Indian forests is by no 
means assured, particularly when it is considered that con¬ 
version into sleepers, and especially broad gauge sleepers is 
not as a rule so profitable as conversion into scantlings of 
various. sizes, so that the more the demand for building 
timber increases the higher will be the cost of railway sleepers 
of the more durable kinds. It may, therefore, in time come 
about that other woods of less durable kinds will be more 
and more used for sleepers, particularly if these can be ren¬ 
dered more durable by impregnation or other means at a 
moderate cost: as a set-off against this there are still ex¬ 
tensive tracts of forest which are at present too inaccessible 
to work at a profit for sleepers, but which may become more 
accessible as means of communication are improved. 

(6) The Respective Merits of Wood and Metal Sleepers. 

The scarcity of wood for sleepers has led to the extensive 
adoption of metal for the purpose, many of the Indian rail¬ 
ways being laid, in part at least, with metal sleepers. Various 
iorms have been suggested, but the two forms in general 
use at present are the trough sleeper, shaped like a shallow 
inverted trough made of iron or steel, and the pot-sleeper, 
consisting of two inverted iron pots supporting the rails 
and connected by an iron tie-rod. Metal sleepers, as com¬ 
pared with wooden sleepers, have various advantages and 
disadvantages, the chief of which may be summed up as 
follows :— 

The main advantages of metal sleepers are, (1) they 
last longer than wooden sleepers ; in locomo¬ 
tive yards, however, where wood or coal ashes 
abound, metal sleepers perish more quickly 
than wooden ones; (2) with metal sleepers 
the gauge has not the same tendency to spread 
that it has on wooden sleepers owing to the 
wear on the latter; (3) the ballasting of the 
line is less expensive for metal sleepers than 
for wood, as less ballast for drainage and for 
holding the sleepers is required. 

The chief advantages of wooden sleepers are, (1) they 
have not the same tendency to shift on sharp 
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curves and on stone ballast as metal sleepers, 
because wooden sleepers exert more friction 
on the ground ; ( 2 ) wooden sleepers are less 
liable to damagedn transport than metal sleep¬ 
ers ; (3) in India wooden sleepers are cheaper 
than metal sleepers 3 (4) wooden sleepers make 
a smoother running road than metal, thereby- 
making travelling more comfortable and causing 
less wear and tear to the rolling-stock and 
to the rails ; (5) minor accidents, due to the 
breakage of sleepers, are less frequent where 
wood is used than where metal is employed ; 
( 6 ) the cost of laying the line is cheaper in the 
case of wooden than in the case of metal 
sleepers; workmen dislike handling metal sleep¬ 
ers, as they have sharp corners, and become 
very hot on a hot day and very cold after a 
cold night ; they also jar badly in travelling, 
taking much trouble to separate, whereas 
wooden sleepers pack easily and give no 
trouble in unloading. Pot sleepers are unwieldy 
in shape and therefore difficult to handle ; they 
are too heavy a load for one strong man or 
two weakly ones.. All these items add consider¬ 
ably to the cost of laying the line. 

On the whole the advantages of the wooden sleeper 
far outweigh those of the metal one, because 
although the average life of the latter is 
probably not more than double that of the 
former, its cost is about double, so that the 
advantage of durability is neutralized by the 
disadvantage of costliness. 


Section IY.—Timber used in Contact with 
Water. 


Under-this head are included piles and posts for bridges 
weirs, harbour works and similar constructions, water-wheels’ 
well-curbs, water-pipes, sluice-gates, works for strengthening 
the banks of streams, wet-slides, booms, etc. Timber" exposed 
to alternate wetting and drying is particularly liable to decay, 
ancl only durable timber should be employed : if the wood 
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ept constantly under water it lasts better than if exposed 
to occasional drying. Some woods, for example Anogeissus 
latifolia and Schleichera trijug a , do not last well under 
water, while others which are not ordinarily durable or are 
only moderately durable will last a long time in contact 
with water, and are therefore used in well construction 
and for water-troughs and similar purposes; among these 
may be mentioned Bombax malabaricim , Boswellia sevrata , 
Butea frondosct , Dillenia indica, Buabanga sonneratioides, 
Erythrina sub er os a, Eugenia Jambolana, Ficus glomerata , 
F. religiosa , Mangifera indica , Bliyllanthus Emblica , 
Bopulus euphratica, Terminalia Arjuna and T. belerica. 
In addition to these many of the more durable timbers 
are largely used in contact with water, for example 
Acacia arabica , Acacia Catechu , Artocarpus Chaplasha, A. 
Lakoocha, Biscliofia javanica, Cassia Fistula , Cedrus 
JDeodara , Chickrassia tabularis , Fagrcea fragrans , Gmelina 
arborea , Ueritiera minor , Lagerstrcemia Flos-Begince , Mesua 
ferrea , Mimusops spp., Ougeinia dalbergioides , Bterocarpus 
dalbergioides , SKorea robusta , Tectona grandis , and Xylia 
dolabriformis. For water-pipes Borassus flabellifer and 
Phoenix sylvestris are largely employed, while fascines for 
supporting the banks of streams and for other protective 
works are made of coppice shoots or of bamboos. 


Section Y.—Timber used in Machinery. 


Although iron lias replaced wood to a great extent in the 
manufacture of machinery, still in rural districts, including 
the greater part of India, wood is largely or entirely used for 
such purposes as sugar-mills, oil-presses, rice-pounders and 
husking apparatus, Persian wheels, spinning-wheels, hand- 
looms, cog-wheels, etc. Wood for machinery is subjected to 
much wear and tear, and should therefore be hard and 
tough. Some of the principal woods used for oil-presses, 
sugar-mills, and rice-pounders are Acacia arabica, A. Catechu , 
X modest a, Mgle Marmelos , Albizzia I^ebbek, A. odoratissima , 
A.procera , Cassia Fistula , Chloroxylon ftmetenia, Dalhergia 
Sissoo , Mimusops Elengi, M. hexandra, Odina W odier , 
Schleichera trijuga , IShorea robusta, Soymida febrifuga, 
Tamarindus indica, Terminalia tomentosa, Vitex spp., etc. 
For spinning-wheels various woods are used according to 
locality: in Bengal they are made of sa7 or Anogeissus 
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latifolia, while in the Central Provinces the frame is made 
of teak, the wheel having a nave of Ougeinia 9 dalbergioides 
and spokes of Acacia Catechu, of which the posts supporting 
the wheel are also made. Spinning and weaving machines 
in the Punjab are made of walnut, apricot, Cotoneaster and 
Oleaferruginea, while in Madras Hardwickia hinata is often 
employed. In the United Provinces sal and Adina cor difolia 
are used for cog-wheels. The Persian wheels of the Punjab 
are largely made of Acacia arabica , and those of Ajmer- 
Merwara of Acacia arabica, Anogeissus pendula and Dichro- 
stachys cinerea. 

Section VI.— Timber used for Boat and Ship Building. 


1. General. 


Timber used in ship-building is subjected to enormous 
strains and is employed under conditions which tax its 
durability to the utmost: for this reason it should be strong 
and elastic, durable, and free from defects and unsoundness 
while its weight will depend on the part of the vessel for 
which it is intended, a heavy wood being jireferable for the 
keel while for the upper parts a lighter wood is desirable. 
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other timbers for ship-building. Oak, though otherwise 
an excellent sliip-building timber, contains tannic acid which 
corrodes iron, and is therefore not so suitable as teak. 


2. Hulls. 

Some of the woods most largely used in India for the 
hulls of boats, other than dugouts, which will be dealt with 
below, are as follows :— 


Acacia arabica : much used for 
ribs, stems, knees, keels 
and other parts of boats. 

A. Catechu : ribs, knees, stems, 
keels of boats (Bombay). 

Adina cordifolia : planking of 
river boats. 

Albizzia Lebbeh. 

Amoora JRohituJca : knees of boats 
(Chittagong). 

Artocarpus Chaplasha : (Chitta¬ 

gong)- 

A. hirsuta : (West Coast of 

India). 

A. integrifolia : (Madras). 

Bassia latifolia . 

B. longifolia : ships' keels and 

planking below the water 
line. 

Berrya Ammonilla : (Burma and 
Madras). 

Calophyllum Inophyllum : (In¬ 
dian coast districts and 
Andamans). 

C. polyanthum : (Chittagong). 

Cassia Fistula. 

Cedrela Toona. 

Cedrus Beodara : chiefly planking 
(Punjab and Kashmir). 

Chloroxylon Swietenia : (Mad¬ 
ras). 

Balbergia latifolia : knee tim¬ 
bers. 

JD. Sissoo : largely used for boat¬ 
building, particularly for 
ribs and frame-works. 


Bipterocarpus tuberculatus : 
(Burma). 

B. turbinatus : knees, planks, 
etc. (Chittagong). 

Erythvina indica : side and deck 
planks (Madras), 

Eugenia Jambolana : chiefly deck¬ 
planking. 

Fagrata fragrans : (Burma). 
Fraxinus jlonbunda : (Kashmir). 

Gmelina arborea. 

Heritiera minor : much used for 
boat-building in Bengal. 

Hopea odorata : (Burma). 

II. parviflora : (Madras). 

Juglans regia : decks and insides 
of cabins (Kashmir). 

Lagerstrcemia Flos-Regince : (Bur¬ 
ma and Chittagong). 

L. liypoleuca : hull-planks, keels, 
etc. (Andamans). 

B. lanceolata : one of the chief 
woods for ship and boat 
building on the West Coast 
of India. 

L. parviflora. 

Mangifera indica : chiefly used 
for side-planks and decks. 

Melia indica. 

Mimusops Flengi. 

M. hexandra. 

Ochrocarpus siamensis: (Burma). 

Odina JFodier : ribs of boats. 

Ougeinia dalbergioules : (Central 
Provinces). 

Fentace burmanica : (Burma). 
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Pentacme suavis : (Burma). 

Finns excelsa : (Kashmir). 

Pirns longifolia . 

Pterocarpus dalbergioides : hull- 
planks, keels, stem and stern 
posts, ribs, thwarts and deck¬ 
planking (Andamans). 

P. Marsujpium . 

Pterospermum rubiginosum : (Tra- 
vancore and Tiunevelly). 

Salvadora oleoides : knee-timbers 
of boats (Sind and Punjab . 

S/torea robust a. 


Sonneratia apetala. 

Tamarindus indica : side planks 
of boats (Madras). 

Tectona grarulis : the best known 
timber for ship-building; 
largely used‘for ships and 
boats in India. 

Terminalia Arjuna. 

T. belerica. 

T. tomentosa . 

Xylia dolabrifomis : keels of 
sea-going boats and boat¬ 
building in general. 


3. Masts and Spars . 

Timber for masts and spars should be long, straight, 
strong, and elastic, while lightness is also desirable. ° In 
Europe the best masts are obtained from slow-grown coni¬ 
ferous timber, while in India the chief woods used are 
(Andamans), Artocarpus Ohaplasha 
(Buima), A. hirsuta (Madras), A. integrifolia (Burma and 
Madras), Calophyllmn Inophyllum, C. polyanthum (Chit¬ 
tagong), C. spectabile (Andamans), C. tomentomm (yields 
the celebrated «« poon spars ” (W. Coast), Casuarina equiseti- 
joha, (Madras and Bombay), Ceclrela Toona (Chittagong 
Cedrm Beodara (Punjab), Gremia tilicefolia, Eeritiera 
minor (Pengal), Eomalium tomentomm (Burma), Laaers- 

(W W CoaJr’^ Wffi i Chitt /^ n H and Burma )> L - lo-nceolata 
Burrn^ pw h fe, ' rea (Chittagong), Parashorea slellata 
B burmamca (Burma), Pinus excelsa (Kash- 

fW ’ (Andamans), PolyaUMafragrans 

(W. Coast), Sliorea robusta, Tectona grandis (lareelv 
used), Terminalia Ualata (Andamans). Large bamboos°are 
also very commonly used. 


4. Oars and Reims . 

Oars should be made of straight-grained, strong and elastic 
wood, lightness being also necessary in the case of lon<* 
oars ; for short paddles heavier woods are sometimes met? 

wCf. h i ,° bvioi ( s disadvantage in having a paddle 

which wili sink if chopped into the water. In many parts 
India oars are made with shafts of bamboos, a blade n f 
snndn , mango, teak or other wood being fixed on the end 
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~az chief woods used for oars are Artocarpus Chaplasha. 
t ’ m ty'MjwAa, A. Eahoocha, Berryct Ammonilla , Bischofia 
javantGctj Bornbax malabaricum (oar-blades), Casuarina 
equisetifolia, Cedrela Toona , Oedrus Beodara , Balbergia 
issoo, Eipterocarpus tiiberculcitus, T>. turbinatus , Duabcinga 
so?meratioidesy Eugenia Jambolana i Fraxinns jloribunda , 
melina arborea, Grewia spp., Gyrocarpus Jacquini , 
Jientiera minor, Eopea odorata, H. parviflora , Lager- 
_ flos-Regince, L. parviflora , Mangifera indica , 
indica, Miclielia Qhampaca , Ougeinia dalbergioides , 
Fentace bnrmanica, Finns excelsa , P. longifolia , Fodocarp - 
ws nernfolia , Fterocarpus Marsupium , Shorea robusta , 
ectona grandis , Terminalia Arjuna, T. tomentosa, Vitex 
glabrata. 


ost of the species used for oars and masts are also used 
+? 1 f U - 18 ’ ^ or yWch a strong and elastic wood is required, 
e s ram on tins part of the boat being considerable. 


Dug outs and other Special Forms of Boats. 

Buyouts are boats made by hollowing out a single log, 
and are largely used on many of the rivers of India and 
.Burma : they are of all sizes, from small skiffs capable of 
sea mg one or two persons to large boats carrying merchand¬ 
ise, the capacity of the latter being often increased by 
having a dugout bottom surmounted by sides of planking. 


f ollois:- mm0nmethod 01 ma ^ f acturing dugouts is'as 


A straight log is selected and the sapwood trimmna « 
the log is then placed on billets to keep it off the ground 5 
care being taken to have the slightest surface underneath 
to ensure that the bottom of the boat is straight. The 

hen hollowed out w,th an adze, the breadth of the hollow 

at the top being about one-fifth of the girth of the lo* 
though it is often made narrower in the centre than it +j?,’ 
ends : the ends of the log ore left solid forT.o orltaftat 

f * ftp '°* t0 f To prevent the sides 

of the boat from being made too thin it i s sometimes custo- 
na y to bore small holes one inch deep at intervals along the 
; the log before commencing the hollowing or diiring 

te t| r T SS ! Tl ; these h ? hs > wl ‘ich act as guides to 

the thickness ol the boat, are afterwards filled up W hen 

the hollowing is completed the boat is turned upside down 
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over a fire, which is kept low and steady, and cross-pieces 
(thwarts) are inserted to keep the sides apart ; in Burma 
this opening out is further assisted by attaching ropes by 
means of wooden hooks to the sides of the hollowed log, 
these ropes being stretched tight to either side, tied to wooden 
pegs driven into the ground, and wetted to cause shrink¬ 
age and tension. To prevent cracking the opening out should 
he done gradually as the hollowing proceeds, and as a rule 
the wood employed should either he green or else he well 
soaked before use. Dugouts are often kept under water 
when not in use, to prevent the cracking which is liable to 
occur owing to exposure to the sun. On some rivers the 
ends of the hollowed log are trimmed flat and hoards are 
nailed over them ; this is necessary when there is an unsound 
heart to the log, hut where timber is plentiful logs can he 
specially selected for their soundness, and this method need 
not be employed. 

Some of the principal woods employed for dugouts are 
Adina cordifolia, Albizzia procera , A. stipulate , Amoora 
Moliituka , Anthocephalus Qadamba , Artocarpus Chaplasha , 
A. hirsuta, t . Lakooclia , JBassia latifolia, Eonibaoc mala- 
baricum , Cedrela Toona , Dipt erocar pus alatus , D. tuber - 
culatus , I), turbinatus , Duabangci sonneratioides , Eugenia 
Jambolana , Gmelina arborea , Hopea odorata, II. parviflora , 
Lagerstrcemia Flos-Begince , L. tomentosa , Mangifera indica , 
Michelia Champaca , Ochrocarpns siamensis , Odina JVodier, 
^orea robust a, Tectona grandis, Terminalia belerica, 
1. Chehida, T. myriocarpa, T. panicnlata, T. tomentosa, 
J- etrameles nndiflora. 

Sampans are flat-bottomed boats largely used in Chit- 
tag°ng, Bangoon, and other ports ; the largest are some 50 
feet long by 8 feet broad, and draw only 12 to 18 inches of 
water. They are commonly made of planks of Cedrela 
Toona f of an inch thick nailed to knees of the 
same wood ; less frequently the planks are made of 
Gmelina arborea or Terminalia belerica. Among other 
local forms of boats may be mentioned the river coracles 
(Tamil Tarasal) of Madras and elsewhere, made of a frame¬ 
work of split bamboo covered with leather, and the Madras 
catamarans , usually made of Erythrina indica , Ailanthus 
excelsa , Givotia rottleriformis , Gyrocarpus Jacqumi , or 
Terminalia belerica. The surf •‘boats of Madras are chiefly 
made of Eerrya Ammo7iilla , a tough wood which can stand 
the severe strains to which these boats are subjected. 

h % 
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Section VII. Timber tjsed in Joinery and Cabinet- 
Making. 


-®y joinery is meant tlie fitting together of the smaller 
and finer classes of converted wood, usually for interior work 
such as doors, windows, panelling, staircases, and other fit¬ 
tings. For these purposes, as well as for furniture, well- 
seasoned and easily worked wood is required which does not 
warp or split and which holds well at the joints. For orna¬ 
mental purposes a wood of good colour and grain, which 
takes a fine polish, is desirable. In the case of valuable 
ornamental woods veneers , or thin sheets of wood, are glued 
to less valuable woods. These veneers, which vary frojn f 
to ,£ 0 of an inch in thickness, are prepared by machinery, 
either by fine circular saws or by special knives acting on 
steamed wood, and are sometimes afterwards pressed to give 
them a good surface. 

India possesses some furniture woods which are highly 
valued in Europe, for example Dalbergia latifolia (Black¬ 
wood, or Rosewood of Southern India), Juglans regia 
(Walnut), Tectona granclis (Teak), Albizzia Lehhek (East 
Indian Walnut), Tterocarpus dalbergioides (Padauk, or 
r* amans Redwood), Chloroxylon Sioietenia (Satinwood), 
Biosptn-os Kurzii (Andamans Marblewood) and D. Ebenum 
(hbony): the last-named is exported from Ceylon, but trees 
oi sufficiently large dimensions are not plentiful enough in 
India to afford steady supplies. There are also other woods 
uhieh would be highly valued in Europe for ornamental 
purposes if they were better kuown. Among the woods 

tbe folioS a -! 0r furniture and j° iner y “V be mentioned 


Abies ' Pindrow : used in the 
Himalayas for rough furni¬ 
ture. 


Acacia arabica : used in the 

Punjab for bedstead legs. 
Acacia Catechu : bedsteads and 
otuer articles of furniture. 


Aivnantkera pavonina : need f 
urfuture and cabinet-mai 

* n ^"‘tl.evu Tndia ai 
the Andamans. 


Adina cordifolia \ a yellow even¬ 
grained wood, frequently 
used for furniture. 

Albizzia amara t a handsome fur¬ 
niture wood, brown or red, 
beautifully veined or 
mottled. 

Albizzia LcbbeJc : the et East 
Indian Walnut "is a well- 
known furniture wood, the 
burrs being particularly 
valuable. 
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Albizzia mollis : a handsome fur¬ 
niture wood, dark brown, 
beautifully mottled. 

Albizzia odoratissima : a dark 
brown wood, with darker 
streaks, used for side-pieces 
of bedsteads and other 
articles of furniture. 

Artocarpus Chaplasha : one of the 
best of furniture woods; 
yellowish-brown in colour 
and of handsome grain. 
Artocarpus hirsuta : much used 
for furniture on the West 
Coast of India. 

Artocarpus intcgrifolia : a good 
wood for furniture, cabinet¬ 
making, and carpentry, some¬ 
times exported to Europe. 

Artocarpus Lalcoocha : used for 
furniture, but not so good 
as Artocarpus Chaplasha. 

Bassici latifolia : used for furni¬ 
ture in the Central Provin¬ 
ces and Madras. 

Ccesalpinia Sapp an : a pretty 
wood, suitable for inlaying 
and small fancy work. 

Calophjllum Inophjllum ; good 
for cabinet-making. 

Caratlia integerrima : a parti¬ 
cularly handsome wood when 
cut on a radial section to 
show the silver grain, in 
which respect it somewhat 
resembles oak; easily worked, 
takes a good polish, and is 
suitable for furniture, 
cabinet-work, panelling, etc. 
Used for furniture and 
cabinet-making in Southern 
India and Burma. 

Cedrela Toona : largely used for 
furniture, cabinet-making, 
boxes, etc. The wood is of a 
handsome red colour and is 
easilv worked, but is not 
strong and is somewhat liable 
to be attacked by small 
boring beetles. 


Cedrus Beodara : much used in 
the Himalayas and adjacent 
tracts for rough furniture 

' such as tables, benches, etc. 

ChicJcrassia tabularis : a very 
handsome furniture wood, 
taking a good jjolish ; should 
not be used unless well 
seasoned, as it is liable to 
shrink when not thoroughly 
seasoned. 

Chloroxylon Swielenia : “ satin- 
wood }> is a well-known 
yellow wood, much esteemed 
for furniture and cabinet- 
making, pieces showing a 
good “ figury ” grain fetch 
a high price. 

Cinnamomum Gecidodaphne a 
wood highly scented with 
camphor, and suitable for 
cabinet-w r ork. 

Cinnamomum glandvliferum : used 
for furniture and cabinet- 
making in Bengal and 
Assam, strongly scented of 
camphor. 

Cocos nucifera : cocoanut wood, 
the “ porcupine wood ” of 
commerce, makes handsome 
furniture. 

Cordia Macleodii : a handsome 
brown mottled wood, suit¬ 
able for furniture. 

Cordia vestita : another hand¬ 
some brown mottled wood 
with a figured grain, very 
suitable for furniture and 
cabinet work. 

Cnpresxus torulosa : used in the 
Himalayas for furniture and 
cabinet-making. 

Dalbergia cult rata : a dark pur¬ 
plish-black wood, which 
should be suitable for orna¬ 
mental furniture. 
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'<(l latifolia : this is the 
famous Bombay blackwood 
or rosewood of Southern 
India, a very hard dark 
purple wood with black 
streaks, a valuable furniture 
wood, in considerable demand 
m the European market. 

Ucilbcrgia Oliveri : a handsome 
Upper Burma wood, hard 
^ud of a red colour with 
darker, red streaks, suitable 
tor high-class ornamental 
furniture. 

Dalbergia Sissoo : , an excellent 
umiture wood, largely used 
m Northern India, a hard 
brown wood with darker 
streaks, capable of taking a 
nne polish, A very good 
wood for camp furniture. 

-Uiospyros Ebenum ; The ebony 
is well-known as a wood 
suitable for fine ornamental 
furniture and cabinet work. 

JJioapgros Kurzii : the “ marble 
wood ” of the Andamans, 
a handsome variegated ebony 
suitable for ornamental fur- 
niture and cabinet work, 
lospyros Melanoxylon : used for 
iurniture in Bengal and the 
Central Provinces. 

Dtos f ro,, tomentosa : used for 
tomture i n the United 
riovincee. 

Uipterocarpu, tubereulatus : used 
ior rough articles of furni- 
ture and joinery in Burma. 

' raxmus floribunda : used for 
iurniture in the Punjab. 

l 0 C t tr ■■ n red, 

H’Jr 1 W00d with a 
cabinet w e o r r fe grain - “ Bed ** 
(•nitiina arbor,;, 

wood 

and joinery,’ ^et-mak.ng 
easily worked and 'V; louved ; 
warp or split. es not 
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Uardwiclcia binata : used for 
ornamental work, very bard 
and heavy, dark red to nearly 
black. 

Heriiierci minor : used for furni¬ 
ture in Bengal. 

Juglans regia : the walnut is pro¬ 
bably the most valuable 
furniture wood in the Hima¬ 
layas, the burrs in particu¬ 
lar being of special value 
for veneering purposes. 

Lagerstrosmia Flos-Regina : used 
for ordinary furniture in 
Burma, Assam, etc. 

Mangifera indica : used for or¬ 
dinary cheap furniture. 

Mclia Azcdarach : a red rather 
soft wood which makes good 
furniture and cabinet work. 

Melia indica : a bard red wood 
somewhat resembling maho¬ 
gany and used for furniture. 

Michelia Champaca : a soft, light 
olive brown wood used for 
ordinary furniture and for 
boxes. 

Miclielia excelsa : used for fur¬ 
niture in Darjeeling. 

Mortis alba : a good furniture 
wood. 

Morns indica : a good wood, but 
not usually obtainable in 
any size. 

Morns losvigata : a handsome 
yellowish-brown or reddish- 
biown wood, very suitable 
for furniture. 

Morns serrala : an excellent wood 
tor furniture and cabinet 
work, much in use In the 
Himalayas. 

Murr ay a exotica \ a light yellow 
close-grained wood, some¬ 
what resembling boxwood 
a»d suitable for cabinet 
work. 
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Olea ferruginea : a brown wood 
of various shades, often 
prettily marked, suitable for 
inlaying, used for furniture 
in the Punjab. 

Ougeinia dalbergioides : A good 
strong furniture wood. 

Pent ace burmanica : a pretty 
wood, easily worked, and 
good for cabinet-making, 
boxes, etc. 

Pentacme suavis : used for strong 
articles of furniture in 
Burma. 

Picea Morinda : used in the 
Himalayas for rough furni¬ 
ture. 

Pimis excelsa : used for ordinary 
furniture in the Himalayas 
and adjacent tracts. 

Pinus longifolia : used for rough 
furniture and general car¬ 
pentry, not so good as Pimis 
excelsa. 

Pistacia integerrima : a hand¬ 
some furniture wood suitable 
for all kinds of ornamental 
work. 

Pcdocarpus neTiifolia : an even¬ 
grained fairly soft wood, 
easily worked and excellent 
for carpentry and ordinary 
cabinet work. 

Populus euphratica : used for 
common furniture in Sind. 

Pru?ius Puddum : used for furni¬ 
ture in Darjeeling, a red 
wood with a pretty silver 
grain, suitable for orna¬ 
mental furniture. 

Pterocarpus dalbergioides : the 
Andamans padauk is a wood 
of a rich red colour, used for 
high classes of furniture, 
panelling, cabinet work, 
piano cases, parquetry, etc. 
Unless polished or otherwise 
protected from the atmos¬ 
phere it is apt to lose colour. 


Pterocarpus macrocarpus : the 
Burma padauk is somewhat 
like Andamans padauk, but 
' has not such a rich red 
colour. It has been very 
well reported on as a furni¬ 
ture wood, being particularly 
suited for camp furniture ; it 
turns and works well and 
takes a fine polish. It has 
recently been successfully 
tried in the manufacture of 
billiard tables. 

Pterocarpus Marsupium : a 

yellowish brown wood with 
darker streaks, much used 
for furniture in Central and 
Southern India. 

Pterocarpus santalinus : Used for 
legs of bedsteads in Madras, 
also used for small fancy 
work, such as picture-frames, 
etc. 

PJius Got inns : an ornamental 
wood, used for inlaying and 
cabinet work, as well as for 
fine work such as picture- 
frames. 

Sant alum album : used for fine 
carved cabinet work. 

Shorea assamica : used for furni¬ 
ture and cabinet-making in 
Assam. 

Shorea obtasa : used for strong 
articles of furniture in 
Burma. 

Shorea robust a : used for strong 
articles of furniture. 

Soymida febrifuga : a very hard 
dark reddish brown wood, 
used for furniture. 

Teconia undulata : used for bed¬ 
steads in Mar war, a rather 
handsome wood for furni¬ 
ture and cabinet work. 




’.dona grandis t teak is one of 

the most lwgdy US ed woo d 3 
maWoV'Si Sibling 

SM? and taki ^ 

Termmlia bialata : a handsome 
mottled wood, which makes 
good furniture. 

Terminalia tomentosa : used for 
edsteads and coarser kinds 

™rniture, suck as benches, 
etc. 9 
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Theresia pop nine a : a hard dark 
red wood, used in Southern 
India for benches, legs of 
bedsteads and cabinet-mak¬ 
ing. 

Ulvnis Wallicliiana : used for 
furniture in the Punjab 
Himalayas, a handsome 
wood with a pretty silver- 
grain. 

Zizyphus Jujula : bedstead legs 
and other articles of furni¬ 
ture. 



Section VIII.-Timbeb used in Cart and Carriage 
Making. 


rortheframewOTk af eajrts and carriages a fairly light 
most imv, eC| + llr0 + d ’ ^ sll0uld 1;>e strong and clastic. The 

tjJ?’ nfZmi/fT' and “,"r 1Ijr encircl8d 1)J a metal 
be ofhSCht to bear great strain, and should therefore 

it should he hfwl o ’ w fl '° m dGfects and wit bout sapwood ; 
loose in the hoi no ( nou Sb to prevent the spokes from working 
The woods most ^ nortlse /> cut for their insertion in the nave. 
A. Catechu A T™ 0 ! 7 used for naves are Acacia arabica, 
Sima, a. nrocera f lC0 P hlwa > Albizzia Lcbbek, A. odoratis- 
Berrya Ammo,/ill noy J lssl ! s lUifolia, Artocarpus integrifolia, 
Dalbergia, latifnli *’ Fls ^ u ^ a ’ Chloroocylon Swietenia, 

ferrea, OuaJj, Stssoo < Hardwickia binata, Mesua 
!’■ ^acrocar m J ^ al ^ ergwkles ' F(e ^carpus dalbergioides, 
robusta, Tec Inn ' M fT 8u P wm > Schleichera trijuga, Shored 

Spokes should ^ mUs \ Xy } ia foWbrif&rmis. 
wood, free from c ,'fLf ad ° ,° f well ‘ s J easoned straight-grained 
w °od; the wood swf? d ™ so 1 undn ? ss « aud without sap- 
war P> split, or shrink ^ ?“ S ‘ a ? d elastic > not liable to 

;;‘ort iws of the nave » m rd cnoagl1 to work loose 
aro Acacia arabica J C , 0GS ' dke °bief woods for spokes 
A. procera , a f eolm > Albmia Lebbelc, A. odorat - 


*rr 

HeHHem 


-vw, -LJtsuucr, 

,, ,, Artocarpus Ursula, A. imegi-ijoHa, 
'^rapa molmcensis, Balbergia latifolia, 
clunoxylon, Hardwickia binata, 
'Oerstrcemia Flos-Regince, Odina 
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Wodier , Ougeinict dalbergioides, Frosopis spicigera , Fteio - 
carpus dalbergioides , P. macrocar'pus, P. Marsnpnm , 
ro&wsta, Tectona grandis, Thespesia populnea, Aytia 

dolabriformis. . , 

Felloes are subjected to much crushing, as well as to 
alternations of wet and dryness; they should therefore be made 
of hard, strong, elastic, and durable wood, free from defects 
and unsoundness, and without any sapwood, while the wood 
should not be liable to expansion or contraction with varying 
conditions of moisture. The fibres should be cut through as little 
as possible, hence naturally curved timber is the most suitable, 
and where this is not obtainable the felloes should be cut from 
split sections of wood in such a way that the annual rings lie 
as much as possible in the plane of the wheel, that is, the flat 
sides of the felloe should show a tangential section. The 
woods most in use for felloes in India are Acacia arabica, 
A . Catechu, A. leucophlcea, Albizzia LebbeJc, A. odoratissima, 
A. procera, Anogeissus latifolia, Berrya Ammonilla, Casur 
arina equisetifolia, Chloroxylon Swietenia, Balbergia lati¬ 
folia, J). Sissoo, Lagerstrcemia Flos-Begince, Melia indie a, 
Ougemia dalbergioides, Fterocarpus dalbergioides, P. 
macrocarpus, P. Marsupium, Schleicher a, trijuga, Shorea 
robusta, Tectona grandis , Xylia dolabriformis. Por the 
wheels of light carriages bent rims are sometimes employed, 
these being made of one piece of split wood, previously 
steamed. 

In some parts of India, particularly in outlying rural 
districts, solid wheels are made of one piece of wood, or more 
commonly of three pieces held together by an iron tyre, or by 
iron clamps or plates. Woods used for this purpose are teak, 
Acacia arabica, Anogeissus latifolia , Bursera serrata, 
Careya arborea, FLopea odorata, Mangifera indica, M. 
sylvatica, Ochrocarpus siamensis, Fterocarpus macrocarpus, 
Shorea robusta, Tectona grandis, Terminalia tomentosa, 
Tetrameles nudiflora and Xylia dolabriformis. These solid 
wheels are to be found in parts of Madras, Bengal, Burma 
and Bombay. 

In Kashmir the solid wheels of small country trucks are 
made of Celtis australis , Cratcegus Oxyacantha, Finns 
excelsa , Frunus Fadus, and Taxus baccata. 

Shafts are made of straight-grained split wood, which 
should be tough, elastic, and free from defects, great strength 
being particularly necessary for carriage and buggy shafts 
owing to their thinness. The principal woods used for shafts 
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Acacia arctbica, A. Catechu , Anogeissus latifolia, Berry d 
Ammomlla, Bridelia return, Cliloroxylon Sivietenia, JDalber- 
ejia cuimena, Diosypyros Me', anoxylon, Grewia tilicefolia, G. 
ves i a, dioickict binata , Heritiera minor, Homalium 
omen osim, Mesuaferrea, Ougeinia dalbergioides, Bentacme 
srnms, 1 zero car pus dalbergioides, P. Macrocarpus, P. 
Marsupmm, Shorea obtusa, S. robusta, S. Talura, S. Turn - 
uggaia, Stripclmos potatorum, Tectona grandis, Terminalia 
1(1 , > ™ Ohebula, T. myriocarpa, T. tomentosa, Thespesia 
populnea, Xylia dolabrif ormis . 

l ? or carriage and buggy shafts the chief woods used are 
Acacia arctbica, Diospyros Melanoxylon, Heritiera minor, 
Bterocarpus macrocarpus, Tectona grandis, and Xylia 
dolabrif ormis, while bamboos are largely employed for buggy 
shafts. 

. Axles are made of tough hard wood ; most of the woods 
suitable for shafts are used, some of the best woods being 
Acacia arctbica, A. Catechu, Anogeissus latifolia, Hcilbergia 
Si88oo, Heritiera minor, Schleicher a trijuga, Shorea robusta, 
Terminalia Chebula, and Xylia dolabrif ormis. 

Voices are made of a large variety of woods, one of the 
most generally used species being Gmelina arborea. The 
aerial roots of Ficus bengalensis are also used, while most of 
the woods employed for shafts are also suitable for yokes. 
Light woods are preferred. 

Ihe framework of carts is constructed of a variety of 
woods, tough hard woods being used where there is much 
strain or friction Teak is perhaps the most universally 
suitable wood f or the purpose. In the hills of Madras small 

rough carts made of bamboo ( Bambusa arundinacea), with 
axles of Anogeissus latifolia and solid wheels of Acacia 
arctbica, are used. Tor light carriages one of the most suit- 
a'.ie woods for the upper parts is Gmelina arborea, owing to 

wither T •!’ eCf 01 1 " fr,)m warping and splitting, the case 
Mill which it can he worked, and the readiness with which 

% „r es an ? varnish. For the framework of carriages 

Balbergia Stssoo is one of tlie best woods. 

Bmlway carriages and waggons.— Teak timber is largely 

hi(L aml <V Ku 1Slmctl0 , n -,° f • alh ? y carria S es and wagons in 
( Ptcrorarnuk J u .' ; , ! n , America Andaman padauh 
of mihvi J dalbc, '9\oides)is largely used for the better class 
; / 01 \ SUCh work ik is advisable to have a 
in which n 'u«vfoJi° 111 case of railway accidents, 

- respect padauk is porhaps superior to teak. Babul 
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(Acacia arabica) is used for the packings of buffers, Sdl 
ancl Pterocarpus Marsupium to some extent for railway 
waggon construction, and Xylia r dolabriformis for bolsters 
for timber-trucks, bogie frames and other purposes for which 
great strength is required. 

Gun carriages .—Timber used in the manufacture of gun- 
carriages is subjected to more strain and wear than that 
employed for any other form of carriage-building, and only 
the very strongest woods are suitable. The Burma padauk 
(Pterocarpus macrocarpus) has been put to more uses than 
any other wood in the manufacture of gun-carriages, both 
for w r lieel-work and for other purposes. The Andaman 
padauk (P. dalbergioides) w r as formerly used, but has to 
some extent been supplanted by the Burma padauk. Bor 
w r heel-work and general construction Dalbergia latifolia and 
JD. Sissoo are much used. Acacia arabica w r as formerly 
in more demand for ordnance work than it is now. Among 
woods w'hicli have been used, but are not commonly 
employed, are Hopea parviflora, Lag erst rcemia Flos-Beg ina, 
and Thespesia populnea. Teak and sdl are used in the con¬ 
struction of transport w r aggons and other ordnance w r ork. 


Section IX.— Various uses of Split Wood. 

1. Coopers' Wood. 

Under coopers’ w r ood is included all wood employed for 
making barrels, casks, tubs, and similar vessels for holding 
liquids or dry goods. The most impertant class of coopers’ 
w r ood is that used in the manufacture of casks for holding 
liquors such as beer, wine, etc.; these are subjected to rough 
treatment during transport, and should therefore be as 
strong and durable as possible, while the wood should also 
bo water-tight, and thus be capable of retaining liquids 
without leakage, and should not be too heavy. Further 
requisites are straightness of grain and freedom from knots 
and other defects, while the wood should contain no sub¬ 
stance which Avould give an undesirable taste, odour, or 
colour to the liquid. 

Casks are composed of three parts, side-staves , head- 
pieces, and hoops . The side-staves are thinner and narrower 
at their ends, the centre being broader to allow for the bulg¬ 
ing sides of the cask. The head-pieces are flat or in large 
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liquid • ^theyare^r^/ n T ar ^f u° withstand P rcssul 'c of the 
made ofifonov 7 dovotailed together. ldie lioops are 

shoots of various speLTJrS? 1 """ 7 ° f SpUt COppice 

though. i Y ? 0C ^ . usec \ f° r cask-staves is oak, 

those for ]l ol fl;n :7, arC llS ?^ ^°m i n ^ cr i° r casks, particularly 
either bv mncl. ? C * y “ 00 , ( S ' P lc staves are manufactured 
Soodis snh t o J y ° r 3y hanC V in latter case the 
done in the foS when newly felled, this being usually 
shaving iW,Sl * / ^ ans of a s P eoia l cleaving tool? another 
the ^ol ft nt bem S used for the rough fashioning of 

radial direction'thercTL-tel V"' s l lUttin S is done in a 

than from wood snlit t*™ ? nl Caka SC h '°m wood so split 

£S&S£ 1 £SSt’ " “ S 

%Z 5 £r 

f~»c : these sheets are JLIS'Io„ IfT 
which comes in contact with a round loo- of » 1 ° n=l • 1 a , c 
well steamed, mol™, on a horizont>.2, '“"V 

for f?, ‘ h , e b “™ 1 “ 

0,2 %rs !<“.Jaws 

epaiensis and Ougeima, dalbergioides ; the onlv obiection 
to the last named is its weight Quern,* f , , J , 
found snitil.le Out n ■ • V Mej cus mlatata has been 

7 u ?. smtable, but Q. mcana is useless owing to its tender.™ 

suitablefor beer-casks, huUhe'difficuUiestfcvte^ f ? und 
hitherto rendered its price prohibitive t i X iactlan bavo 
for beer-casks, hut oudng to thJ <SIf' 18 v S °° (l ™ 00;l 

give a taste to the lkfuor unles it T V? ? pt -, t0 
Among woods which have been found f caamc Ue<t inside. 
Albizzia procera, Dalbergia Sisaoo and Tnfflt SultabP i are 
'««*«• Sal i, s used for large C^e rl Zt^ ?fT 
W hoor-oosks » the stoves ore oft to J “ft «■“* 

1 he following arc some of the chief Tnd;„ P ' i i 
i» goner.,, such os 


Acacia arabica. 
Aclina tor difolia. 
jEschIm indica . 


Albizzia lebbeh. 

A. odoratmima. 

A> stipnlata. 
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Artocarpns Chaplasha. 

A. hirsuta. 

A. integrifolia. 

Bombax malabaricim (oil- 
casks) . 

Boswcilia serrata. 
Galophyllum iomentosum. 
Cedi'ela Toona, 

■ Ckickrassia tabularis. 
Balbergia latifolia. 

B. Sissoo. 

Bipterocarpus tuber culatns. 
Buabanga sonneralioides. 
Bysoxylum malabaricim. 
Ficus glomerata. 
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Gmelina arborea. 

Grewia tilicefolia. 

Bagerstreemia lanceolata. 

L t parviflora. 

Mangifera indica. 

Odina WoAier . 

Ougeinia dalbcrgioides. 

Finns longifolia. 

PolyaWiia longifolia. 

Pterdcarpus Marsupium. 

Shorea robusta. 

Tcclona grandir. 

Terminalia belerica. 

Tetrameles nndiflora (oil-casks). 

Trewia nudiflora. 


2. Trenails and Tegs. 

Trenails are large wooden pegs of different sizes up to 28 
inches long and 3 inches thick. The large sizes are used in 
ship-building and are usually mado of teak ; the smaller sizes 
are employed in joinery and cabinet-making in place of 
nails, while small pegs are used by shoemakers. Wood for 
these* purposes should be straight-grained, and hard enough 
to resist being flattened out when hammered in. 


3. Shoulder-Boles , Spear-Shafts , Bows, and Fishing 
Bods. 

These are usually made from split wood, although 
bamboos are also largely employed, particularly for fishing- 
rods and lance-shafts, the latter being made of straight solid 
bamboos cut in the second or third year of growth, or even 
later. Tor all these purposes the wood should be straight- 
grained, tough and elastic. 

Tor shoulder-poles some of the principal woods used are 
Anogeissus latifolia , A. pendula , Capparis aphylla , Cotone- 
aster bacillaris , Diospyros Melanoxylon , B. tomentosa, 
Fraxinus jloribunda, F. xanthoxyloides , Grewia spp., 
Ougeinia dalbcrgioides, Quercus dilatata , Taxus baccata , 
Tecoma undulata and various bamboos. 

Spear-shafts are made of Acacia Catechu , Areca Catechu , 
Berry a Ammonilla } Cocos mtcifera, Balbergia cu\tratq x 
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other tougl^woodfan*/^ ® rew \ a s PP-> Psidium Guam, and 
woods and various bamboos. 

Coble ( v2f °J4f ao f a 0a J ecJ ™ (Burma), Alophyllus 
Catechu, Bauhl,; ^ mlarm Agullocha (Karens), Jr ecu 
Anmonilla CKnr M \ r< ^ e ]] losa (Shan cross-bows), Berrya 
»pcciosa (Andamans ’ ® be ?' gm cul ^ata (Burma), Garcinia 
(Punjab sp P" Par rotia Jacqucmontiam 

buccata (hcmr c ^ tS i Pont acme suavis (Burma), Taxns 
(Burma)ami m , 1 Bur l B >' X V lia dolabriformis 

of various reeds ancTbamboosf bamboos ’ ai ’ r °rvs being made 


strai-ht- e rain°^T W r d f ? r 1 fl ^ in S‘ rods requires to be 

to enabl e S it to ic° Ugh -i an ? ? ?? tlC ’ wi * h sufficicnt stiffness 
rods in t r 0 lecover its straightness after a strain. Pishing 

of bamboos^flip ol j ?, a , ry . ota ™' ens and of several kinds 
Himalavns „ n , Sal (Arundinaria spp.) rods of the 

toaani 7 ? aS )om § "'ell known. Samples of Bomalium tomen- 
Catcoho, . mmon illa, P terocarpus ' macrocarpus, Acacia 

• > JJillenta pentagyna, Grewia tilicefolia and Laaer- 


-L 1/01 inuisi UGU7 JJUSj JLCCLC 

street fi , a VOntagyna, Grewia tilicefolia and Laqer- 

trial in a J anceolaia were recently sent to a London firm for 
one which cr? amtfaCtUl ‘ C of . fisl u n g-r od s, but of these the only 
the sneeimn V ? an ^ Promise was Homaliim tomentosum ; 
PCClmen > however, was too full of cracks to be of any 


use 


Section X.— Wood used foe Caeving and Tuening. 


PiosTem d nlovcrr inS may b< ? dividedij }to two classes, first, 
etc whei y tor ca rvmg into models, domestic utensils, 
warn 0 e tlf even-grained easily cut wood which will not 
ornamentli 1S . re( iuired, and second, those employed for 
and fairlv ci arV1 ? S ’ where in addit ion to being even-grained 
Similarly fn, i • tured ’ the wood should be ornamental, 
those purposes woods may be divided info 

requiring anl't ? on f St ‘ C utensils (milk-jars, cups, etc.) 
and those llSBf i r o! ail '°'i wood not liable to warp or split, 
There arc ! } ° r the finer articlos of ornamental turnery, 
suited for carv?5 e n , umber of Indian woods employed or 
the followin'- ®ni or turning of different kinds, of which 
5 win suffico as examples 

Acucin 

A Catechu ' cai ' vm g and turning. 

A- leucophlaa : tun dlfct0 ‘ 
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Acer spp.: toned into drinking-cups. 

Adina cordifolid : grain-measures, etc. 

AEsculus indica : domestic utensils (plates, cups, etc.) 

Albizzia Lebbek : ornamental carving. 

A. stipulata : bowls, spoons, etc. 

Alstonia scholaris : carved images (Burma). 

Artocarpus spp.: turning. 

JBassia latifolia : cups and other utensils. 

BceJmeria rugulosa : much used for carving and turn¬ 
ing into howls, cups, plates, spoons, etc. 

JBoswellia 8errata : carved into toys, spoons, etc. 

JBuxus sempervirens : a valuable wood for fine carving 
and toning (chess-men, small boxes, etc.) 

Cassia Fistula : a good wood for turnery. 

Cedrela Toona : much used for ornamental carving 
(picture-frames, tables, etc.), in Northern India. 

Celtis australis : spoons and cups (Kashmir). 

Chloroxylon Smetenia : much used for turning, and 
sometimes for carving. 

Cratceva religiosa : carved into models, and used for 
turning. 

Dalbergia latifolia : ornamental carving and turning, 
bowls, jars, grain-measures and other utensils. 

D. Sissoo : much used for carving, and a good'wood 
for turning. 

Diospyros Fbenam : Ebony is much used for fine carving 
and turning. 

D. Melanoxylon : carving and turning. 

D. tomentosa : " ditto. 

Givotia rottleriformis : carved into figures, imitation 
fruit, etc., which are lacquered and painted. 

Gmelina arborea : carved images, grain-measures, etc. 

Holarrhena antidysenterica: much used for carving 
into small articles like paper-knives, picture- 
frames, spoons, forks, etc.; also used for turning. 

Juglans regia : ornamental carving; also used for 
gra.in-measures and other utensils. 

Melanorrhcea usitata: turning. 

Melia indica : carved into images, being one of the 
sacred woods of the Hindus. 

Morus spp. : carving and turning. 

Odina Wodiev. bowls, jars and other utensils. 

Olea ferruginea : a good wood for turning. 

Fistacia integerrima ; ornamental carving. 


mist#,. 


96 



<SL 


Baluchistan.. 1U omQ anu 

Pteroccirpus dalbergioides : ornamental carving and 
turmng. ° 

i 5 . macrocarpus : turning. 

-P. Marsupiim : ditto. 

P. santcdinus : used for ornamental carving, imagos 
sold in temples, picture-frames, etc. 

Santalum album: used for the well-known sandalwood 
carvings of Mysore, and also for fine turnery. 

Stephegyne parvifolia : cups, plates, spoons, etc. 

J. dinarindus indlca : very good for turning, 

Tcrnarix articulata : turning. 

T. gallic a : turning. 

Tecoma undulata : carving and turning, bowls and 
other utensils. 

Tectona grantlis : teak is largely used for carving, tlie 
well-known Burmese carved work being executed 
in this wood : also used for turning, and making 
jars, bowls, etc. "> 

TFriglitia tinctona: carved into cups, spoons, etc., and 
much used for turning. 

IV. tomentosa : carved into cups, spoons, etc., and 
much used for turning. 

Zizyphus Jujuba: turning. 

Section XI.— Wood used for Engraving. 

Engravers’ wood is used for preparing blocks fm. . i 

cuts in printing; for this purpose the wood LulL tobo 
pei ec Ay even-grained and so close in texture that it will not 
absorb inns and colours unevenly or too freelv while it 

“ft,' 36 1( i t0 Wai ' P T Split] and should b ° 80 hard 

that the sharpest edges carved on it will not get destroyed bv 
tlie pressure to which it is subjected in the press. Boxwood 

2S ‘ZT? 18 T Peri ° r i t0 aU otber woods for en- 
wo, ,1 ?’ u l for . rau S h wood-cuts other even-grained 

ihictorio '\o\Tt P ^ rVl ^? rc \ spp ™Wriglfia 

cobJpatto,.,,, “e 
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Section XII.— Wood used eor Lead Pencils. 

Wood for lead-pencils should be straight-grained and 
even-textured, easily cut, and free from knots and other 
defects. The principal wood from which lead-pencils are 
made,—popularly known cedar,—is a species of Juniper 
{Juniperus virginiana ), found in the United States and 
Canada. Probably the best Indian wood for pencils is 
Juniperus mcicropoda. Some woods have lately been tested 
at a pencil factory in Calcutta, and of these Cupressus 
torulosa , Cedrus Deodar a , Fodocarpus neriifolia , Finns 
excelsa , F. longifolia and Wrightia tomento&a were pro¬ 
nounced suitable for pencils, though rather tough, and the 
first three for penholders. For the latter purpose Tax ns 
baccata was also found to be a useful wood. 

Section XIII.— Wood used eor Match Manufacture. 


General .—The match industry in India may be said to 
be as yet in its infancy. Some match factories have been in 
operation for years, others have recently been started, and 
the establishment of others is contemplated. Considering 
the abundance of suitable woods, there should he a successful ' 
future in store for the industry in India, provided the sites 
of the factories are well chosen and the factories themselves 
are properly managed. It is estimated that if India were 
to manufacture all the matches she now imports, some 70 
large match factories would be required. 

Methods of match manufacture .—Perhaps the most 
primitive method of making matches is by means of a 
splitting machine worked by hand like an ordinary tobacco- 
cutter, the wood being first sawn into blocks. This process 
is also carried out on a larger scale by machinery. Some 
matches are made with a shaving machine, which shaves 
with the grain of the wood from sawn blocks ; some 
are cut entirely with saws. Shaped splints, that is, of 
round, oval, square, or ribbed section, are made by feeding 
splints through the holes of a shaping iron : for this pur¬ 
pose the wood should be stored till thoroughly dry before 
use, and then steamed to allow the splints to pass through 
the shaping holes. 

Method best adapted f or India . — Any method of match 
manufacture which requires seasoned wood is unsuited for 
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parts of India, because many of the soft white woods 
become discoloured while dry-seasoning in the log or in 
large planks, and because such woods are extremely liable 
to the attacks of boring insects if kept stored. Eor India 
the peeling method of manufacture, in which green wood 
is used, is the most suitable one. This method is much 
cheaper than the splitting and shaping methods, the work is 
more expeditious, the machinery occupies less space, and 
less motive power is required. The peeling method consists 
in placing a round billet of wood in a machine like a turning 
lathe and shaving off, with a long fixed knife-blade, a 
continuous sheet of veneer the thickness of a match. These 
• ^ eneers are then passed through a guillotine which cuts- 
match splints from them with great rapidity. The veneer 
for matcli-boxes is made by similar peeling machines. 
This method of manufacture is the one employed by all the 
chief existing match factories in India. 

In the peeling process, since only green wood in the 
round is employed, the sooner it can lie used after foiling 
the better, and it should be transported if possible with hark 
on, to prevent drying. If it cannot bo obtained in rco-ular 
supplies throughout the year it may be stored in water for 
a lew months, but should on no account ho kept dry for 
long . u ater transport is thus particularly applicable to 
u ood intended for match manufacture. Some woods can he 
peeled in a fresh slate, but many require boiling for several 
hours previous to being placed in the peeling machine. 

I here may possibly l,e scope in India for the employment 
of small portable machines for making splints on the 
Japanese plan, there being a regular cottage industry in 
match making in Japan. The greatest objection to this 
however, is the risk of damage to the forests, and it is 
probable that it would not he permitted in localities 
where facil dies for preventing such damage do not exist. 

Properties of match woods .—W oods for matches should 
as a rule bo straight and even grained, white, and soft 
without being brittle : they should he easily inflammable, 

"r n ™ lr ih T> and when extinguished should not 
smoulder. I here are, however, many soft woods which arc not 

fmn H ' ri T U:( i aud v lre y . et quUe stable. Matches made 
, j“, wuT* woorls wlI] not fetch a good price, even 
due C tm>lvt q ? lllt 1 1CS 0t1 v rwi ? c may he excellent : this is 
lr < *1 ? 0, ' al P™l" dl «’ >u t the prejudice exists and 

has to be reckoned with. Matches are frequently dyed o 
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order to hide any 
Sapwood only is 


bright colour, generally crimson, in 
natural colour the wood may possess, 
used for match manufacture. 

Dimensions and quantity of wood used .—In the best 
modern peeling machines the minimum and maximum girths 
of logs employed are and 8 feet respectively, the best girth 
being 5 to 7 feet. These measurements do not include 
hark. The length of the logs depends on the size of the 
cutting machine. Ordinarily the logs should not be less 
than 4 feet in length ; this allows of their being cut into 
two billets of 1 ft. 8 in. each for peeling, the rough ends 
of the log being trimmed off. There is no maximum limit 
of length required by logs brought to a match factory. 

In dealing with quantities of matches, it is usual to 
speak of the number of gross (i.e. 9 144) of filled match¬ 
boxes. The average quantity of timber in the round which 
is required to produce 100 gross of filled match-boxes is 
about 26 cub. feet, another 5 cub. feet being required for 
packing-cases to hold the filled match-boxes : this includes 
wastage in conversion. Asa rule a match-factory of 700 
gioss daily cajiacity may be considered of fair size : many 
factories produce a far higher outturn, but some of the 
Indian factories have a smaller capacity. 

IDoods suitable for match manufacture. —According to 
European experience any species of Fopulus (poplar 5 or 
aspen), Salto (willow), and Alms (alder) is suitable for 
match manufacture. Coniferous wood is largely used in 
o “JS** Britai * : some coniferous woods, 
they contain Unsm a 0Wln S the large amount of resin 

The most important Indian wood hitherto extensively 
used is the simal (Bombax malabaricum), which is one of 
the best match woods. The salai {Boswellia serrata) is also 
much used; it is oiten objected to on the ground that 
n absorbs moisture in damp weather, but an expert lias 
recently expressed the opinion that this defect cun be not 
rid ot by boiling for 10 to 16 hours before use. 

A minijer of Indian woods were recently subjected to 
practical tests for match manufacture, and the following 
are among the more important woods found to be suitable 

Splints and vcneer^AVscuJus indica* Ailanthus mala - 
ba nca , Alnus nepalens is , A. nitida s Anogeissus acuminata , 

•Those marked with an asterisk were found to be specially good. 

I 2 
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nthocephalus Cadamba* Bombax insigne* B. malabaric- 


um * Diospyro S ehretioides* Bmbanga sonnera tioides, * 
? , la ' JElceoccirpus lanceapfolius,* JEngelhardtia 

spica a, Erythrina suberosa, JEJvodia fraxinifolia* JExcce - 
cai la Agallodia, Eymenodictyon excelsum* Lagerstrcemia 
tomentosa, Lophopetalum Wightianum, Picea Morinda ,, 
mas excelsa* P. Khasyci , P. longi folia , Populus ciliata* 
P-euphratica* Pterospermum cicerifolium* Pyrus lanata, 
j . lx , tetrasperma , Sarcoceplialus cordatus, Stepheqyne 
aiversifolia , Treicia nudijlorct* Vitex glabrata * 

Splints and inside veneers only. — Ailanthus excelsa * 
Bosioellia serrate, Garvga pinnate , Gmelina arborea’* 
Holoptelea ''integrtfolio , Kydia celycina, Myristica mala- 

Spondius mangifera, Smintonia 
Schioenckn, Symplocos thecefolia. 

Many of the above woods are of little practical ininor- 
ance as they do not occur in sufficient quantity : it may 

ItZlLeS ™: that several different ™ ds -V b, usi 

The following woods have been tested and found to be 
only moderately suitable or quite unsuitable 

latiiSt? P n ? r0w ’ Averrh cea Carambola, Buchanania 
-p ,‘ c> ipterocarpus elatus, Harpullia ciipanioides , 

7 7 os l" semisegittatum , Sonne,ratia ape tala, Tetra- 

meles nudtflora. 


Section XIV.— Wood used pok Packing-Cases. 


wHi-mnf r. • “ so that nails may be easily driven m 
JHL* 0 W00d t0 split- while the wood should 
inim*e the emit e I ^l attor or other substances likely to 
the wood should ni U S ] ° 10 box : for ordinary packing-cases 

80 b ® roa sonably cheap. In lldia there are 
vet" (in. iii,i, S | > uoo< 3 " |n°h answer this description, and 
clieste and hov ? ° f T*™* other than tea- 

sivc one it i,! 8 01 0 "- 1 . s P ecia l purposes, is not an exten- 
old l0Und “*»■’ convenient to use 

which have V>r -° e ° mfer °w s , w ood, usually known as deal, 
_ 1 cuously containod goods brought out from 


, , ■usually hiirnui as ueai, 

pitviously contained goods brought out from 

Tboso with a „ asterisk were tound"^ ap^WIy gomT~ 
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Europe, and which are either made up afresh or used as they 
are. 

The tea-box industry is one which closely concerns 
India. In addition to the qualities mentioned above, wood 
for tea-boxes should not be liable to corrode the lead lining 
of the boxes ; this disadvantage is possessed by many green 
woods, notably Mangifera sylvatica , JErythrina spp., and 
Dipterocarpus spp., and hence care should be taken to use 
only well seasoned wood. Deodar wood is unsuitable for tea- 
cliests owing to the powerful odour of its essential oil: it 
is also too valuable. Wood for tea-boxes is sawn into % 
inch boards technically termed shooks ; these vary in length 
and breadth according to the size of box required. There 
are many sizes of tea-boxes in use, the length usually vary¬ 
ing lrom 20 to 27 inches, the breadth from 15 to 21 inches, 
and the depth from 13 to 20 inches in outside measurement; 
a smaller-sized box of 16 inches cube, inside measurement, 
is also sometimes used. Japan and Norway complete with 
India in the production of tea-boxes, numbers of coniferous 
ten-shooks from these countries being annually imported 
into India. 

Among Indian woods some of the chief sjoecies used for 
tea-boxes are Abies Findrow, Acer Campbellii, A. Icemgatum , 
Acrocarpus fraximfolius, Mbizzia stipulate*, Alstonia 
scholar is, Anthocephalus Cadaniba , Bornbax mala baricuni , 
Canciriimi bengdense, Cedrela Toona , Duabanga sonnerat - 
ioides, Ficus glomevata, Garuga pinnata , Gindina arborea, 
Mangifera indica, Ficea Morinda, Films excelsa , P. longU 
folia Sonnerafia apetala , StercuUa villosa, and Tetramdes 
nudtflora. Of these Bomba r malabaricum is considered in 
Assam to be one of the best woods. In Delira Dun the woods 
most largely used arc mango and toon ; Bornbax is not used 
there as the Commissariat authorities object to this wood for 
boxes in their tea contracts. In Bengal and Assam Duabanga 
sonneratiohles is regarded as an excellent tea-box wood. 
In the case of many of the white soft woods, particularly 
Bornbax malabaricum , the logs should be sawn up green, or 
if this is impracticable they should bo seasoned for a 
period extending up to-2 or 3 months, not longer, in water. 
After the shooks are sawn up they should be stacked in a 
dry place, with spaces between each shook, until well 
seasoned, the time taken for seasoning being from 2 to 5 
weeks ; owing to the danger of insect attacks and rot the 
shooks should be frequently examined, and should not be 




102 




kept any longer than is absolutely necessary to season them, 
while m fine dry weather they should he stacked for a time 
on end outside to hasten seasoning. 

. .-^ or °pium chests the planks are cut thick, and the 

inside dimensions of the chests are 841" X 26^ X ; 
the inside of the box is divided into a number of partitions 
ior holding the cakes of opium. At the Patna opium 
factory the woods now used are mango for the boxes them¬ 
selves and Bombax malabaricwm for the inner partitions. 
hdl and Adina cordifolia have been used in the past, but 
the latter did not givo satisfaction, while sal if not 
thoroughly seasoned damages the opium, in addition to which 
disadvantage * it is now considered too expensive. Abies 
Pindrow and Sonne ratia apetala have recently been tested 
and pronounced to be suitable for opium chests. 

Por cigar-boxes the best woods are Gedrela Toona , 
Melia Azedarach , and M. compositct; Adina cordifolia 
is also used, but is not so suitable. 

Bosioellia serrata is used for mica boxes in Bengal, and 
for rough packing-cases ; Bombax insigne is used for sugar 
boxes in Burma, and is worthy of more extensive use, being 
if anything superior to B. malabaricum. Lager sir cemia 
lanceolata and Terminalia belerica arc used for coffee boxes 
hi S. India. Afghan grape-boxes are made of Bopulus alba 
and P. nigra. . — 

Among the commoner Indian woods used for packing- 
cases and boxes in addition to the woods given above, may 
bo mentioned Ailanthus excelsa , Butea frondosa (very 
r <»»»gb packing-cases), Oedrus Deodar a (used by the Orel nance 
Department), JDipterocarpus alatus , J). tuherculatus , JD. 
InrbinaluB > Erythrina spp. Exccccaria Agallooha , Ficus 
bengaletisis, BLymenodictyon excelsum , and Odina IFodier. 


Skctk n XV.— Wood used eor Agricultural Purposes. 


In India agricultural implements are more largely made 
0 u<)0f f than is the case in countries where agriculture is in 
a more advanced state ; in such countries iron or steel are 
^nfhely used for the manufacture of ploughs, harrows, 
and sue)! implements. “ 
cultural implements 
clod-cruahors, forks for making 
branches, water-scoops etc g 


Tlie more important wooden agri- 
in India are ploughs, harrows, rollers, 
bay and lifting thorny 
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Ploughs, harrows, rollers, and such implements are made 
of various hard strong woods, such as Acacia arabica , A. 
Catechu , leiicophlcea , Anogeissue lahfoha, A. pendula .> 

(Wa orforeo, Cte«a Jfatefo, CMoroxylon Swietenia, 
Dalbergia Sissoo, Dios/ yros Mel an oxylon, Hardwick i a bmata, 
Heritiera minor, Melcmorrlicea usitata, Mcha mdica, Mesna 
ferrea, Ougeinia dalbergioides, Prosopis spictgem,1 tero- 
carpus macrocarpus, P. Marsuphm, P. santalinus, Quercus 
spp, Schleichera trijuga, Shorea robusta, Tectona grandis, 
T. Eamiltoniana, Xglia dolabriformis, Zizyphus Jujuba, 
and many others, the hardest and toughest woods being used 
for ploughshares and harrow-teeth. Water-scoops, for scoop- 
ing water from one field to another, are made of some fairly 
light wood which will stand alternate wetting and drying, 
for example Bombax malabaricum , Bntea frondosa, Termin - 
alia belerica, etc.; in Burma these are made of bamboo 
mat-work. 


Section XVI— Wood used for the Manufacture of 
Wood Pulp. 

The processes of manufacturing wood-pulp arc explained 
on pa^es 281 to 287. We are concerned here with the 
principal kinds of wood from which pulp can be manu¬ 
factured. At present the main sources of supply of pulp- 
wood are the coniferous forests of Europe and North America, 

but owing to the rapid increase in the demand for paper and 
the exhaustion of many of the forests which have afforded 
supplies hitherto, attention has of recent years been drawn 
to the resources of India as a pulp-producing country. 
Although enquiries are as yet in an. initial stage, much 
experimental work has already been done, and it has been 
ascertained definitely that the following Indian woods are 
suitable for the manufacture of pulp: Picea Morinda , 
Abies P indroio, Pinus excelsa , Finns long folia, Bomb ax 
malabaricum , Populus ciliata , Slerrulia villosa, Saiix 
tetraspernia, B'utea frondosa , Boswellia serrata, and Ficus 
benqalensis . Further researches will no doubt reveal 
many other suitable woods, hut many woods which might 
otherwise he suitable could probably never be of any econo¬ 
mic importance owing to their scarcity. It is indeed quite 
probable that some of the minor products mentioned on page 
207, and particularly bamboos, will, owing to their 
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rmln-mwi ’ * lllU 0l !^ ^.° 30 mil ch greater importance as 
LL UC p in ^ ma terials than any of the timbers of India, 
nliln r, i 3C1 -° r Wooc ^'P ll ^l ) should be soft, free from unbleach- 
i. r + 0 ouring matter, perfectly sound, and with as few 
tv T?f : l e fl|th of fibre is also an important proper- 

]wx , e . Malayan conifers have been found to produce 
i 1 P ul P than the other species of Indian trees mentioned 
^ ^ J \ bes ^ the conifers is the spruce 
orinda ), whose length of fibre exceeds that of a 
spruce m Europe or America. 


(Piceco 
any other 


Section XVII. —Miscellaneous Uses oe Wood. 

1. Shingles. 

Wooden shingles for roofing purposes consist of flat rect¬ 
angular pieces of wood, varying in dimensions, which are 
nailed to the framework of the roof in such a manner that 
they overlap and form a watertight roof covering. In 
Europe and in parts of India shingles are usually made of 
split wood of straight grain, but the greater proportion of 
the shingles used throughout the Indian Empire are sawn 
and not split. Large numbers of sawn teak shingles are 
nsed annually in Burma, where the greater proportion of 
ne better class of houses have shingle roofs. The sizes 
ordinarily in use are 15" X5" or 15" X 4" or 12" X 5", the 
^ekness being ?/ tapering to J". Shingles of Xylia clol- 
tormis and Ilopea odor ala are also occasionally used, 
n Assam split shingles of JEvodia melicef olia, a w ood which 
s pm$ very easily, are made of dimensions 18" X16"X1". 
n Bengal the chief woods used are Castanopsis tribuloides, 
/ jjy sir ' tx ' Quercus lamellosa , Q. fenestrata , Q. pachy- 
•Vf l V l°\ Q • lancecefolia , Q. lineata , Machilus odoratissinia ) 
anariuni sikkimense. In Madras Adina cordifolia is 
w Eile in the Andamans Pterocarpus dal - 
thtflat* ^ a ^auk) and Lag erst reemia hypoleuca are used, 
oil t r ^eing steeped in a mixture of earth-oil and gurjan- 
a,*, *!,* N orth.West Himalayas shingles, preferably split, 
P c ,,, . " coniferous woods, chiefly deodar, Finns longifolia, 
exoflsa, Abies Findrow, and Ficea Morincla. 

2. Gun Stocks. 

not liable U^nru' Stocks sll0ukl be bard > close-grained, light, 
1 or warp, quite free from knots and other 
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defects, and perfectly sound; it should be well seasoned 
before use. Wood impregnated with or damaged by salt 
water is useless, as it corrodes the steel or iron with which it 
comes in contact. The best wood for gun-stocks is walnut 
(Juglans regia), which requires three years to season 
thoroughly. For the local manufacture of stocks for sporting 
guns in India other woods arc also used, some of which have 
the disadvantage of being too heavy: among the woods 
employed are Adina cordifolia, Carey a arborea, Cedrela 
Toona, Celtis australis, Chloroxylon Swietenia, Cordia Myxa, 
Dalbergia latifolia, D. Sissoo, Dillenia indica, Erioleena 
Candollei, Gmelina arborea, Eopea odorata, Lagerstrcemia 
Plos-Regince, Mesua ferrea , Mirausops littoralis , Morns 
serrata, Pistacia integerrima , Psidium Guava, Rhododendron 
arbor eum , Taxus baccata , Tecoma undid at a, Tectona grandis, 
Thespesia popidnea y and Zizyphus Jujuba. No Indian wood 
has hitherto been found quite suitable for service rifle stocks 
and forends. Walnut from Kashmir has been tried and 
found too brittle and difficult to work. Malabar teak has 
been found too heavy and brittle. Stephegyne parvifolia 
has been reported moderately good. 


3. Walking-Sticks* 

Walking-sticks are made from a large variety of woods, 
some on account of their ornamental appearance and some 
owing to their straightness and toughness ; the latter include 
the sticks used for liill-climbing, which are made of Coton- 
easter bacillar is, Prinsepia utilis, Primus Puddum, Pyrus 
Pashia , Cratcegas Oxyacantha , G. crenulata, Parrotia 
Jacquemontiana, Celtis australis, Olea ferruginea , and 
many otlier species. Large numbers of canes and bamboos 
are employed, the best known among the former in India 
being Calamus viminalis, C. acanthospathus, and C. latifolius ; 
several pnlms also furnish good and ornamental walking- 
sticks, for example the so-called ce Porcupine wood,” which 
is the wood of the cocoanut palm. Among dicotyledonous 
woods which are not essentially hill species may be mentioned 
Diospyros JEbenum , _D. Kurzii (Andaman “ Marble-wood ”), 
Pterocarpus dalbergioides (Andaman padauk ), Albizzia 
Lebbek, Murraya exotica, Dalbergia Oliveri , D. cnltrata , 
Greioia popuUfolia, G. salvifolia, Hardmckia binata and 
many others. Sandalwood is used for ornamental carved 
sticks. 
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4. To61-Handles. 

Axe-handles are made of some hard tough straight- 
grained. wood, among the species commonly used being 
Anogeissus latifolia , Cldoroxylon Swietenia , Coioneaster 
oacillaris , Dalbergia cultrata , Dendrocalamus strictus , 
trrewia spp., Myrsine semiserrata, Olea ferruginea , Ougeinici 
dalbergioides , Tamarindus indica , Zizypirns Jujuba. 

lor handles of chisels and similar tools some hard tough 
wood is required, which will ‘stand repeated blow r s without 
splitting or becoming flattened out, for example Acacia 
arctbicd , -4. Catechu , Chi oroxylon Swietenia , Mesua ferrea, 
Mimusops hexandra , Schleichera trijug a , Tamarindus 
indica , Xylia dotabriformis , and many other species. 


5. Musical Instruments. 

For the sounding-boards, or bellies, of stringed instru¬ 
ments wood of regular structure is necessary, and it should 
be without any knots or other flaws which will injure the 
tone. The bellies of violins are made of very slowly grown 
coniferous wood, the sides and backs being made of maple 
{Acer spp.), In India “sitars” and similar instruments arc 
made of teak, Cedrela Toona, Juglans regia , Sterculia mens , 
jrinelina arborea , Tecoma undnlata , Moms spp., and other 
woods, v bile Burmese harps are made of IPierocarpus mac¬ 
rocarpus. Bamboos are also employed in the construction 
ol certain instruments. For drums and tom-toms 

Tnufr m ’ n lbl i~ ia sh Pf? ta ” Artocarpus integrifolia, Bosnia 
latifolia, Lornbax malabancum, Gartuja pinnata, Gmelina 
arborra. Meha mdtoa, Odina TTodier, Pierooarpm Mc~- 
lum, Upturn msigne, Trewia nudijhra and others are used 


6. Combs. 

. , manufacture of wooden combs forms an important 
industry in several parts of India ; the wood used should be 
.iH. and even grained, of elose structure, and free from 
\ f ihe 7 chief woods employed are Adina cordifolia, 
Cai ( in l0nn f J n * e9 Kpervwen8 9 Calotropis gigantea , 

n l orissa Car an das, C. spina mm , Co. sear ia 
r . / ' religiosa , Dalbergia latifolia, Diospyros 
llnvhin-nl***’ r ' t° m entosa> Elceodendron 

autirh (/nr ^T m) ’> Gmelina « rborea , Holarrhena 
Olla bPvr uT' M £?P telea ^tegrifolia, I XO ra parvijlora, 
Olea feiiugmea, Pterocarpua Mursupium, Pyrus Paahia, 
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Santatum album , Schrebera swietenioides , Stepliegyne parvi- 
folia, Wrightia tincloria , and TV. tomentosa. 

7. Brush-backs. 

Wood for brush-backs requires 'to be sawn into thin 
boards, and should be free from any tendency to split in the 
process. Tor ordinary brushes the woods should not be too 
heavy, though for ornamental brush-backs heavy woods are 
used provided they are ornamental and otherwise suitable. 

The chief Indian woods used are Adina cordifolia , Arto- 
carpus integrifolia , Qedrus Deodara, Chloroccylon Sicietenia , 
Dalbergia latifolia , D. Sissoo, Diospyros Bbenum, Doloptelea 
integrif olia, Mangifera indica , Millingtonia hortensis , 
Tectona grandis , and Termmalia Arjuna. Tor ornamental 
l)rnsh-backs Carallia integerrima and Dalbergia Oliveri 
have recently been tried and pronounced suitable. 

8. Various Sporting ^Requisites . 

The following is a list of the chief Indian woods used for 
the manufacture of sporting requisites of various kinds :_ 

Buxus sempermrens : croquet mallets and balls. 

Cedrus Deodara : poles for cricket, tennis, and 
badminton nets, hockey and footbalb posts, 
bridge ladders, vaulting horses and frames of 
parallel bars. 

Cocos nucifera : pegs for tent-pegging, soaked in 
water to soften the wood. 

Dalbergia Sissoo: tennis posts, racquet presses, 
middle pieces for tennis, badminton, and 
racquet bats, bails for cricket stumps, polo 
mallets, croquet mallet heads and balls, 
Indian clubs, spring-boards and horizontal’ 
parallel, and trapeze bars. 

Fraxinus excelsior : frames of tennis racquets. 

Fraxinus floribunda : cricket stumps and bails, tennis 
posts, tennis and racquet bat presses, polo 
mallets, handles of croquet mallets, horizontal 
parallel, and trapeze bars and spring boards. 

Oreiuia Ulicefolia : golf clubs. 

Juglans regia : wedges or middle pieces of tennis, 
badminton, and racquet bats. 



misTfy 


108 




Moms mdica : frames of tennis, badminton, and 
racquet bats, bends (blades) of hockey sticks, 
cricket stumps and bails. 

Pinus longifolia : cricket, tennis, and badminton 
poles, hockey and football posts, bridge ladders, 
vaulting horses, and frames of parallel bars. 
&cdix ctlba : cricket bats. [$. tetrasperma has been 
tried, but without much success.] 

Salix babylonica : the chief wood used for cricket 
bats in India; wood obtained chiefly from 
Kashmir. Used also for polo-mallets. 

Zizyphus Jujuba : golf-clubs. 


9. Spinning and Weaving Machines. 


Among the chief Indian woods used for spinning and 
weaving machines are the following :— 

Acacia Catechu : used in the Central Provinces for 
spokes of spinning-wheels and parts supporting 
the wheel, for hand-looms, and for the muthia 
or mogn, a dumb-bell shaped piece of wood for 
striding the pinjan or bow-shaped apparatus' 
used m cleaning cotton. 

Acacia Senegal : weavers’ shuttles (Punjab and Sind''. 

Anogeissus latifolia : spinning wheels (Bengal) 

3 spinning 

T>a\bergia Sissoo : spinning wheels. 

JEvodia nielicefolia : hand-looms (Assam). 

Eardioickia binata : hand-looms (Madras). 

Juglans regia ( Walnut): hand looms and spinning 
wheels (Punjab). 1 & 

Olea ferrnginea- cotton cleaning and spiBnin- 
machines (Punjab). ° 

Ougemif^dalbergioides : naves of spinning-wheels 

Premia pyrmnidata : shuttles; suitable also for 
bobbins, as is the wood of other species of 
-tremna. 1 

Prunus arrneuiaca { .Apricot) : liand-looins and spin- 
mng wheels (Punjab). * 

Sohleichera trijuga : hand-looms ^TravancoreV 

Schrebera mietemoides : beams of weavers’ looms. 
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Shorea robusta: spinning wheels (Kols .of Singli- 
bhum). 

Tectona grandis (Teak) : looms (Bombay, Central 
Provinces and elsewhere), frames of spinning 
wheels (Central Provinces), and the bow- 
sliaped apparatus known in the Central Pro¬ 
vinces as pinjan, for cleaning cotton. 

10. Miscellaneous Articles . 

Tent-pegs require a hard tough wood which will not split 
or become flattened out when hammered, for example 
Acacia arabica, A. Catechu, Anogeissus latifolia, Chloroxylon 
Swie tenia, Ougeinia dalbergiokles, Schleich era trijuga, 
Tamarindus inclica, Xylia dolabriformis, Zizyphus Jujuba, 
Z. xylopyra, and many others. 

Saddle-trees are extensively made of Zizyphus Jujuba. 
Anogeissus latifolia is also used. The Kajawa,” or saddle¬ 
tree and crate combined, of the Punjabi camel, is often 
made of Tamarix articulata. Por ordnance work saddle¬ 
trees of Dalbergia latifolia are employed. 

Mathematical instruments, such as scales and foot-rules, 
are usually made of boxwood {JBuxus sempervirens), while 
for wooden set-squares and T-squares pear-wood (Tyrus 
communis) is largely used in Europe, although many even¬ 
grained Indian w oods, such as those used for comb-makin° > , 
would also be suitable. 

Tobacco-pipes and hoolcahs are commonly made of 
A moor a cucullata (used for hookah-stems in the Sunderbans), 
Boswellia serrate (Merwara), Dalbergia Sissoo, Juglans regia, 
Mesua ferrea, Thyllanthus Emblica, Pyrus Pashia , and 
bamboos. The knots cut out of dry teak logs are used for 
making pipes in Burma. The “ briar ” pipes of Europe are 
made of the roots of a large heath, Erl'a arborea. Certain 
Indian woods were recently sent to Europe for trial in the 
manufacture of tobacco-pipes, but none of them were found 
suitable,. as the woods were found to sweat and crack : the 
woods tried were Acacia Catechu, Cotoneaster microphiflla 
(root-wood), Dalbergia latifolia, Greioia tilicefolia (stem and 
root-wood) Ougeinia dalbergiokles, Rhododendron avboreum 
(stem and root-wood). 

Toys and similar articles are usually made of wood which 
is easily cut and worked, and sometimes of ornamental wood. 
Examples of woods used are Adina cordifolia, Boswellia 


mi$T/f y 



110 


<SL 


<i-ntidmcn?Jricf a ilt?'? 0 T‘ .® n ^ tina crborea, Holavrhem 

SBC,™ XVSa.- VtUAU,™ or s„ msT im 0InEIl 
Waste Wood. 

off dnTwJ^* and oth . er waste woocl > that is, small pieces cut 
A mbi* v ?**r 

a =« 

™!C»S“ioS c u hs f »‘“ s fiSS 

s? ?r,s L o „ r r‘.f 2 suVj»’<!s%.*SS 

i> Usixl in tile manufacture of iikS^StS'nf & ,”' dn!t 
material, while treater! with ™ . P 10 ; siyes . arL 0 of dyeing 
used for the production of onllnl an ° Us . chemical reagents it is 
gum, and „5 • ° , C J’ 1 ®’ rme §™> alcohol, sugar, 

with difficulty an ltbou S h sawdust burns naturally 

use of it as fu.’un a f?™ ’-f • ,Cei1 <levised for making 

fuel in sawmills equipped^buim^it^^ a C01lvenient 

ehaS°off W wL£ pfc^Tor & h fllle strips of wood 

CS? Ttd: a 

Zty ok P eTp^si fflag mattresses ’ sur ^a?drSing^anf 

b.-firewood and charcoal. 

Section I.-Firewood and Charcoal used for Heating 
and Lighting Purposes. rxNG 

does 1 hTman“ ore important part in India than it 
consumed. Tho value nf'wnnd? M 10r e coal is more largely 
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remarked generally that where wood is plentiful, and many- 
different species are to be found, good fuel woods are almost 
certain to he obtainable. In arid regions, however, where 
tree-growth is scanty, the presence of at least one good fuel 
wood in quantity is a matter of importance : thus in the dry 
parts of the Punjab and elsewhere the wood of Drosopis 
spicigera, which is a good fuel, is largely used for miffs and 
steamers, and is a valuable commodity in a region where 
tree-growth of any kind is scarce. For lighting purposes 
various forms of “ torch-wood ” are in use, for example pieces 
of the resinous wood from the stumps of deodar and pines, 
dry bamboos, etc. 

Charcoal , the manufacture of which is described in 
Part IY, is a substance obtained by burning"wood in a closed 
place out of contact with the air; owing to its intense, 
steady, and prolonged beat, and the absence of smoke, it is 
superior to ordinary wood for many purposes, such as ore- 
smelting, black-smiths* and other metal-workers* forges, 
cooking, machinery, etc. Specially fine charcoal for gun¬ 
powder is made from Adhatoda frasica, Butea frondosa , 
Calotropis gigantea , Colebrookia oppositifolia , Cornus 
macrophylla, Daphne oleoidcs 3 JBLamiltonia suaveolens , 
Mimosa ruhicaulis , Salix tetrasperma, Sesbania cegyptiaca , 
Trema orientalis , and certain plants which are not of forest 
importance, such as stalks of cotton, arhar ( Cajanus indicus ) 
and other plants. 

For lime-burning and iron-smelting charcoal from Dos - 
weUia serrata is used in the Central Provinces, while for 
iron-smelting in the North-West Himalayas Dicea Morinda , 
Abies Dindroio , and Dinus excelsa are employed. Gold¬ 
smiths use charcoal made from Dims mysorensis , Cassia 
Fistula , Tectona grandis , Bassia latifolia, Acacia Catechu , 
Dinus lo7igijolia } Juniperus macropoda (Baluchistan), and 
other species, as well as bamboo charcoal. In the Punjab 
sil\ ersmitlis use Dinus longifolia charcoal largely; it is also 
much used in “ malting ** in ‘ breweries. Some of the best 

charcoal woods for general purposes are the following •_ 

Acacia arabica , A. Catechu ,, A. modesta , Albizzia procera 
Anogeissus latifolia , A. pendula , Bassia latifolia , Dothergia 
Sissoo , Dillenia in die a t D. pentagyna, Dipterocarpus tuber - 
culatus , Lagerstrcemia parviflora , Mangifera indica , Mel- 
anorrhcea usitata , Drosopis spicigera , Quercus spp., Schleich¬ 
er a trijug a 3 Stereospermum suaveolens , Tamarix articul- 
ata } Terminalia Oliveri , and Zizyphus Jujuba. 
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the folln2 enmeilt ' S carried . out by Puran Singh in 1910-11 

powers of dwJ 6r + ascertaill( ' d to lj e (he respective calorific 
I ot different samples of completely dry charcoal:_ 


1 Acacia Catechu 
% Dalbergia latifolia . 

3 Butea frondosa 
4* Bombax malabavicnm 

5 Terminalia tomcntosa 

6 Sterculia urens 

7 Terminalia beleriea 
3 Acacia arabica * 

•1 Adina cordifolia 

10 Tectona grandis 

11 Jterocarpus Marsupium 

12 Odina Wodier 

13 Acacia ferruginea 

14 Garuga pinnata 

15 Ficus bengalensis 


Calorific power 
[British ther¬ 
mal units). 

• 13,034 

. 12,854 

. 12,415 

. 12,398 

. 12,395 

. 12,360 

. 12,344 

• 12,296 

• 12,263 

• 11,990 

• 11,887 

. 11,480 

• 11,470 

. 11,439 

. 10,503 


Section II.—Woods used for Products of 

Distillation. 

thaSwSna S c&Stort h in ° f <lry distillation > 

ducts of decomposition are collecleltu- tllat the pro- 
are obtained, viz., charcoal cnv,-i^r ’ ^ P inLr J a ry products 
incombustible inorganic constilnp-n/ mg 4 -- S ' car)on and the 
ligneous acicl, from which Severn/ W +° d ’ 811,1 p,jro ‘ 

products are obtained by further distil C °/ nm , ercial 
with various chemicals. An o , 01 - 0r < * eatment 

ducts derived from pyroligneZsIeid! “ ore , pro- 

chloroform, iodoform m l v l are acetic acid, alcohol, 

formalin, create ^ fitch ' £dtoJ'T* • f makin - vamidi), 
stan.,;,. The manulCw or t ’ beS1 1 cles “W other suh- 
receivod the attention it n0 * hifc,lcrto 

are at present of little or J^ 4? ny -! ndian woods which 

great blaring on^11 einh.l^l r „ Ue ’ WbUe * sbould b ™ a 
s n uu ’Wistnal progress of the country. 
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The method adopted in Europe is to erect a n um ber of 
comparatively small kilns with the necessary recovery plant 
in the neighbourhood of the forests, and to transport the 
crude products from these to a large, central factory situated, 
it may be, hundreds of miles away, where the products can 
he worked up and refined. TJiis saves the high cost of 
transporting wood over long distances. 

Certain minor industries of local importance, such as the 
manufacture of wood-tar and wood-oil, are described in 
Part IV. 
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CHAPTER III. 


Felling and Conversion of Wood. 


In this chapter we shall deal with the various methods of 
felling and converting wood, whether for the market or for 
any other useful purpose. In carrying out the work of 
felling and conversion the primary considerations should be 
to follow as far as possible methods winch will do least harm 
to the forest, and which will produce the largest quantity of 
such useful produce as there may he a demand for. 

The subject of this chapter will be considered under the 
following heads :— 

1. Implements used for felling and conversion. 

2. Season for felling. 

3. General rules of economic felling. 

4. Methods of felling. 

5. Extraction of stumps. 

G. Rough conversion of wood. 

7. Clearing of the coupe. 

8. Conversion of timber. 

9. Stacking of timber and firewood. 


Section I.— Implements used for Feeling and 


Conversion. 


1. The Billhook. 



in ■ i, . V "v 1,1 weigiit from anout i id. 

as 8 Ibs. ( though most commonly they weigh from 
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•,2. Sunderbans dahs. 

3. Assam dao. 

4 < 5. Burmese dahs. 

6. 7. Burmese damas 
8, 9, 10, II, 13.20. Madras types 
12,19. Bombay types 
14. 15, 16, 17, 18. Travanrore typea 

21. Central Provinces bakka. 

23 DatS'ufhrMn u-° k used b > Q HJo r * °f Saharanpur, U. p. 

23. Datti used In Kangra District, Punjab. 

24. Nepalese kukri. 

25. European type. 

t I/. Ajm oV dho ^ thaux1 ''^ cutting edge on back, 
edge^faces the f « ce * the left; in Fig. 26 the principal cutting- 


l To face page 114. 
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2 to 4 lbs. Many jungle tribes use light axes where others 
use some form of billhook ; to the latter class of implement 
belong the Nepalese kukri , the da of tlie Bur man, the dao of 
Assam and Bengal, the bakka of Central India, the koita of 
Southern India, the draliti of the Punjab, and various other 
implements, many of which have curved blades like sickles. 

2. The Axe. 

The chief purposes for which axes are used are (1) felling, 
(2) trimming, (3) splitting, (4) grabbing: for each of these 
purposes a different type of axe is used, though most felling 
axes can, if necessary, be used for all purposes. A typical 
axe consists of a metal head and a wooden handle ; the 
former is usually made of iron with a steel edge welded on, 
or, more seldom, entirely of steel; the handle is fitted to the 
axe-head through a hole {eye) in the latter. The portion 
of the axe-head in front of the eye is known as the blade, 
and that behind and on either side of the eye as the back of 
the axe. 

(1) The Felling Axe. 

The felling axe is the most important implement of 
the woodcutter, as it can be used not only for felling, but 
also for trimming, sj>litting, grubbing up roots, and other 
purposes. 

Shape and iveight of axe-head .—The characteristics of a 
good axe are that its blade should be sharp and of the 
proper temper, neither too soft, in which case it would bend, 
nor too brittle, causing it to break. The edge of the blade 
should be slightly curved, as a straight-edged blade is liable 
to have its corners broken off, while it does not j^enetrate 
into the wood so well as a blade with a rounded edge, the 
centre of which meets the wood first. The blade itself should 
taper in the form of a narrow wedge, the sides being often 
made slightly convex to reduce friction : where the head 
is furnished with a round eye, and the back of the axe lias 
in consequence to be rather broad, a tapering blade is obtained 
by giving it a concave form in front of the eye (vide Plate 
IV, figs. 0, 8, 23, 27, etc.). In a good felling axe the weight 
of the head should be accumulated just in front of the eye; 
this gives it the best possible balance for delivering an 
effective stroke. 

The weight of the axe-head depends, apart from the 
strength of the woodcutter who uses it, on the hardness of the 

k 2 
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axe is reaiiivprl « P ° r l iard T ods a hghtei ' and tbmner-bladed 
extra kn for soft woods > because for the latter 

vieldinl fli 1S uecessai 7 m order to crush through the 
bbrcs > whereas in a hard wood the fibres cannot give 
“ fl ’ 0,lt of the axe, and are cut through in conso- 

wood % ; M °r^ Ve ut au axc is dr ‘y en too far into hard 
I I s difficult to pull out again ; this is inclined to 

Whei , 1 a ^ cav y «e i8 used. The weight of ordinary 
l. f. axe ‘ h 1 cads vanes from 1* to 4 lbs., but in some 
localities the latter weight is exceeded, while for small poles 
lopping axes under 1| lbs. may be employed. On no 
account should an axe be heavier than is absolutely necess¬ 
ary, as the heavier the axe the sooner does the woodman 

done 1110 fatlsued ’ and the less wi]1 he the amount of work 

Form of eye.- The eye may be circular or oval or more 
rarely square. An oval eye is the common type in European 

and American axes; its great advantages 1 arc that 1 the 

handle cannot slip round in the eve anrl • 

head and therefore more evenly tapering blade can be iro- 

canliV fixed “/V® apt t0 fly ° ff ’ as tho haadle 

" , . m on .!y from below, and is tightened by means 

iSi”*' » I" IndS lie eye l 325 

j ^P es 0 Indian axes with square or oval eyes 

me however, shown on Plate IV, fi gs . 2 and 25. Tlieadvant- 

u yC « th , at is casil y made and easily 
fitted with a handle; tho handle is, however, apt to slip 
round in a circular eye. 1 1 

The handle.— The shape of the handle varies with that 
of the eye. In India straight round handles are the rule 
these being fitted into the usual circular eye. Whore oval 
eyes are used the handle requires to he fitted to the shape of 
he eye, and is usually given a suitable shape, so that a firm 

w l d,^n b in° b Sp d iv d r tm i ain ? delivcrcd i such a handle 
tviieorAn e vi te 1V ’ awi lj whlch represents a useful 
Al e it 1 aX6 \ T ° accustomed to use them 

teal“x " tf® *F t £ ttb S ° ^f.^ely wielded as ordinary 
tbeinds’ofi g f Cyare ess f ltia % better implements in 
maiS “ an aCCU8t ° m , ed t0 u se them Ilian the 

skilled axfJ^® T m n aXGS i T 1 }- In America the more 
the end ofi ke ° P b °« bands together at or near 

in this way - imsi -n 1 m ° re cffectlve stroke being possible 
with the hands selvtai axelT j en usually grasp the handle 
parated, and slide the hand nearest the 
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'• American axe. 

2, 3. Assam types. 

4 * Sunderban' axes. 

, Pahari axe, Qarhwai 

7. Delhi axe 

q ,x- fi x ® use d •* Bahralch, U. P. 
9. 0. n.-w Himalayan axes, 

12.13, .4. ,5. ,6, ft ftflSS ProvLcoa typoa. 

Burmese axe. paukseln. 
Burmese kyettaung. 

Burmese kun. 

22 23 24 or Malabar axe. 

22 , 23, 24, 25. Madras types 

_ v no *7 Madras tharl vaohl. 

27, 28, 29, 80, 8). Bombay types. 

82. Axe used fn Indore State. 

34 at TninpM ” Hyderabad (Mlzar 

86, II: 3tS^mfr°iS^ P0 * 


20 . 

21. 


Dominions) 


[ To f»c« page 116 . 
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liead down to the other during the swing, greater accuracy 
in directing the blow being posable in this way In the 
hands of an unskilful workman the handle of an American 
axe is liable to break near the eye, asrit is thin at that point 
A common form of axe used in America is a straight handled 

axe with a double-edged head, one edge being kept sharp 

for cutting purposes and the other used for grabbing, trim¬ 
ming or other rough work. The great advantage of a round 
straight handle is that it can be replaced without difhcuLty 
in the forest, by cutting a solid bamboo or straight stick ol 
touo’h wood. Whore American or other axes with specially 
shaped handles are used a supply of spare handles should be 
ready in case of breakages. 

Axe-bandies vary in length from slightly under 2 feet 
to slightly over 3 feet, a convenient average length being 
2-J feet. A list of the chief woods used for axe-handles is 
given on page 106. 

Several different types of Indian felling axes arc figured 
on Plate IV. Among peculiar types of axes shown on this 
plate may be mentioned the Malabar axe (fig. 21), a some¬ 
what similar axe used in Travancore (fig. 35), the thari vcichi 
of Madras (fig. 26), and the kun (fig. 20) and kyettaung 
(fig. 19) of Burma. 

The Malabar axe consists of a wedge-shaped head fitting 
into a hole in the handle, which is strengthened by two iron 
rings, one above and one below the hole. The axe shown 
in fig. 35, and used in Travancore. is somewhat similar, 
except that the head is held in position by a pin at the back. 
The thari rachi is of a similar type, except that the hack of 
the head, whicli passes through a hole in the handle, is in 
the form of a bolt, a nut being screwed on behind; the bead 
can be fixed at any angle, and the iinplement can be used 
as an adze. The Burmese kun is an axe with a head made 
of bard wood, on the front of which a steel-tipped blade fits 
like a cap; this blade can be turned round at any angle, 
adding to the effectiveness of the implement, whicli is 
wielded with great dexterity by the jungle people of Up]^er 
Burma, where it is used. The kyettaung (“ fowl’s feather ”) 
has an iron conical head about 9 or 10 inches long, the point 
of which is flattened out to a chisel-shaped blade with a 
cutting edge of about 2 inches. This iron head is fastened 
to a specially prepared curved handle consisting of a branch 
and a piece of the stem from which the branch grew; the 
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1® slightly hollowed out to receive tho iron head, 

«d ^ , r^i 0itb » sl ' i r s of ®« blade of 

can be adjusted to any angle. 

nirl w? Uttl - ns bam l ,00s . brushwood, small coppice shoots, 
usw] r lo PPmg a,nd similar purposes, special light axes arc 
mav't/w ru®’ i A 't lch avcra S e about 1 lb. in weight, but 
manv in i 18 * 4 .,® 8 \ lb -’ vai 7 greatly in form, and among 
bciii<>- «; n ^i ° n »® s l abe the place of billhooks, their uses 

on Plate V^gs. ° f th6Se lig ’ M aX6S are figUred 

(2) The Trimming Axe. 

• The trimming axe is used for cutting off the branches' 
or raJien trees and for rough-squaring timber. For the 
rormer purpose a felling axe is sufficient, but for rough- 
scjua,ring a specially heavy axe is necessary, those used in the 
-north-west Himalayas being as much as 10 lbs. or more in 
weight. Types of heavy trimming axes are shown on Plate 
v, ngs. 1 to 5. For rough-squaring these broad-bladed heavy 
axes are usually allowed to swing vertically, doin°- the 

IS'-Z r k 0f tlim T lS the > o/n momentum 

wL h h i 1S P ^ P °f G ^ ey , ai 'e furnished with specially long 
dies, the length oi which varies from 3J to 4J feet. 

(3) The Splitting Axe. 

he'u^^s^Tclriefiy^o^spiitrin g'^thiek^jiiiet^ofl fueH l< t* naby ’ 
venie.it sizes. A splitfins axe need „„I7 oi fuel , lnto con ‘ 
should be heavy, some axes being as much as S lbs f * 

the principal weight should be districted "^tbe I^ui 
on he back, m order to give the axe driving power wldle tht 
blade should taper in the form of a wedge, thoS a Slv 

convex blade is also suitable. Several types of suhtthm axe 
are showp on Plate V, figs. 6 to 11. - 1 splitting axe 


j-iiiij vxj.tuiiulNG AXE, 

throSi^Zte ^ t ltendeCl f°i C ‘ igging r0Und and ^tting 

,t„w. iA . l00ts of tr ??« and sta mps. Its characteristic 


d Ite cCiS 

broad*. 1 'l' l l ’°actml hlCl ".'t : ^ fge being?to dTndief 

purpose of a grubbing^e? “ y ° k feUmg axe serves ‘be 





O w u u axe. 

1 u r'5f- Himalaya trimming 

3. Kashmir trimming axe. 

4. Travancore trimming axe 
5 Hyderabad trimming axe 
6. Delni splitting ax©. 

7, 8, 9. Central Provinces splitting nv ft 

10. Madras splitting axe. 8 6 

11. Bengal splitting axe. 

12. Light axe, or balwa used in Slnghbhum 
13.I«. IMS. N -W Hlm«l.,a light topping ™ “ m ’ 

17. A)mer light lopping axe p R axes. 

*8, 19, 20 , 21 , 22 . Central Provinces light lonnma » 

23. Kashmir light lopping axe° P n8 axe# * 

24. Indore light lopping axe ’ 

25. Central Provinces adze 

26. Travancore vachu or adze 

27. Madras adze. 

28, 29. Bombay adze. 

30, 31. Iron wedges. 

??■ w i t t> "on band 

33. Wedge of wood with iron sheath 


[ To face page 118 . 
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3. The Saw. 

Tlie great advantage of tlie saw -over the axe in felling 
and conversion is that it causes much less waste of wood. 
Saws were formerly made of iron, but all the best saws are 
now made of steel. The saw, which consists of a blade, toothed 
at one edge, is employed both for cross-cutting, that is cutting 
across the grain, and ripping, or cutting with the grain. 
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The following are some of the chief terms used in connec¬ 
tion with the saw, for an explanation of which the reader is 
referred to Plate VI, fig. 1. 

The face of the tooth (A B) is that edge of the tooth which 
faces the direction of cutting. 

The back of the tooth is the opjiosite edge (A C). 

ill e space is the distance from point to point of two 
adjacent teeth (A D). 

x ,?A C » OuMet is the entire opening between two adiacent 
teeth (A C D). 

The pitch of a tooth is the angle between the face of a 
tooth and the line passing through the points of (he teeth 
(angle CDA). 

1 he set of the teeth is the extent to which the teeth are 
bent to either side of the plane of the blade. 

The gauge is tlie thickness of the saw blade. 

. ^ cer J * s the width of the cut made by the saw: it varies 
with the extent of the set. 

teetl1 of a saw act with a com- 
in C ni CUttl3 i g (carin ° action >the latter taking place more 

i ^ °°i than 111 hard woods, as the looser "fibres of soft 
°-, s Je ir ) orc readily torn asunder; for this reason more 
save ust is produced in the sawing of soft woods than of hard 
woods. 


ictpe of the teeth .—The sawdust produced in sawing 
occupies on an average about six times the space occupied 
iy^ le wood from which it is produced ; thus unless the gullets 
aie made sufficiently large there will not be sufficient room 
or all the sawdust to lodge between the teeth until each 
stroke of. the saw is finished, in which case the saw will be 
prevented from cutting. Types of saws with enlarged gullets 
shown on Plate VI, tigs. 2 to 5. Some of the most 
elective saws are the M-tooth saws of different kinds (Plate 
VI, figs. 6 and 7) ; these are specially designed to afford the 
largest possible amount of gullet-space between the teeth, in 
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comparison to the number of teeth in a given length. Another 
plan is to have a tooth cut off or shortened at intervals; 
this is an old-fashioned method not adopted in modern 
saws. 

For saws which cut both ways the teeth should be sym¬ 
metrical, as in Plate VI, figs. 4 and 5 ; for those which cut 
only one way the teeth are not symmetrical, the cutting face 
being at right angles, or nearly so, to the line joining the 
points of the teeth. 

Sharpening saws .—To render the cutting action of the 
saw more efficient the faces of the teeth should be filed to a 
sharp edge like a knife. For saws which cut only in one 
direction the cutting faces of the teeth should be filed alter¬ 
nately on one side and on the other ; this is shown on Plate 
VI, figs. 2 and 3. In the case of saws which cut in both 
directions both faces of the teeth are filed, the teeth being 
filed alternately on one side and on the other, as shown on 
Plate VI, figs. 4 and 5. The filing is done with a triangular 
or flat file, and care should be taken that it is evenly done on 
all teeth, otherwise the line of the teeth will become uneven 
and the saw will lose much of its cutting power, while the 
projecting teeth will be liable to break. To ensure the line of 
the teeth being kept even after repeated filing, special per¬ 
forated sawblades have been devised. Fig. 8 of Plate VI 
shows how this is effected. Saws used in saw-mills can be 
sharpened rapidly by means of a special machine in which an 
emery wheel is brought in contact with each tooth in turn. 

Setting .—By setting is understood the bending of the 
teeth of a saw alternately to one side and the other {vide 
Plate VI, fig. 9). If the kerf of a saw were of the same 
breadth as the thickness of the blade the saw would stick 
fast and refuse to move; hence the necessity for setting, in 
order to increase the kerf. A wider set is necessary for soft 
woods than for hard woods, while long saws require a wider 
set than short ones. The set should never be more than double 

the thickness of the blade at the base of the teeth. Forest 
saws are commonly set by saw-sets, such as are shown on 
I Mate VI, figs. 11 and 12, but an ordinary saw-set of this 
lorm is very apt to make the setting uneven. If properly 
curried out, setting can he well done by giving the teeth a 
smart blow with a hammer, the correct set being obtained by 
placing the saw on a fiat iron plate with its edge bevelled to 
tlic prupoi- atigl<\ Special setting implements resembling 
pliers are also in use. In America saws have been invented 
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» to 7. Types of saw-teeth. 

8. Device for ensuring even filing. 

0- A properly set saw. 

10. A badly set saw. 

H. Pit onw-oot. 

12. Hand saw-set. 


[ To face page 120. 
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with permanently set teeth, the thickness of the teeth being 
greater than that of the blade. If all the teeth are not set 
equally the projecting teeth are apt'to get worn down quickly 
or to break, while the sawn surface of the wood is disfigured 
by scratches. A well-set saw is figured on Plate VI, fig. 9, 
and a badly set saw on Plate VI, fig. 10. 

Forms and shapes of saios .—Saws are known as two- 
handed or one-handed saws according to whether they are 
worked by two men or by one man. The former are the 
most important for forest purposes, being used for felling, 
cross-cutting into logs, and ripping into planks, sleepers, or 
other classes of converted material. One-handed saws are 
used by carpenters, and also for cutting firewood and other 
small material into short pieces. A number of different 
types of saws are shown on Plate VII. Two-handed cross-cut 
saws should preferably have a convex cutting-edge, as shown 
in fig. 1. This facilitates sawing, in allowing for the swing 
of the arms, while in cross-cutting logs lying on the ground 
it is particularly advantageous, in that the log can be cut 
through without having to bring the cutting edge, as well as 
the workmen’s hands, in contact with the ground, as is liable 
to be done with a straight-edged saw ; with a convex cutting 
cc |o’o there is also more room for the saw-dust, as the cut itself 
is straight while the saw is curved (vide fig. 2). 

Other advantages of a curved saw are that there is most 
weight in the centre, where it is most required, and that the 
blade is broadest where it is most liable to wear down, there 
being most sharpening required in the centre. A straight 
saw, on the other hand, is more easy to work, and is preferable 
to a curved saw in the hands of unskilful workmen. Por 
forest purposes the most suitable length for this type of cross¬ 
cut saw is 4^- to 5 feet, the breadth of blade being 8J inches 
in the centre, not including the teeth, and the weight about 
51 lbs. Larger cross-cut saws of a similar type, from to 7 
feet in length, are occasionally used. 

A felling and logging saw worked by hand-levers has 
recently been tried in South India, and in one locality is said 
to have proved quite satisfactory. 

Pigs. 3 to 7 (Plate VII) give various patterns of Indian 
two-handed saws. The pit-saw (fig. 3), from 5-| to 7 feet 
in length, is much used for conversion into planks. Two 
common types of Indian curved saws are the Delhi saw 
(fig. 4) and the Maratlia saw (fig. 5); the weight of these 
is ordinarily 4 to 5 lbs., though heavier saws of similar type 
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are used; they are used for cross-cutting as well as for iongi* 
tudinal cutting. A good pair of Delhi sawyers will saw 6 to 
7 sal metre-gauge sleepers a day ; the upper sawyer, who is 
the more skilled, and guides the saw, may receive as much as 
double the wages of the lower sawyer. Fig. 6 shows a frame¬ 
saw used for longitudinal sawing ; these saws, which are of 
various sizes, consist of a comparatively narrow blade kept 
rigid by means of a wooden frame. Fig. 7 shows a cross-cut 
frame-saw. A common type of Indian one-hand saw is that 
shown in fig. 8, while fig. 9 represents the European type of 
one-hand saw. 

The length of a saw varies according to the purpose for 
which it is used. With long saws there is more risk of buck-' 
ling, that is, sticking in the wood and bending, than in the 
case of short saws. If a saw is too short, however, it is very 
tiring to work with, as is a saw which is too light. The blade 
of a saw should be thickest at the cutting edge, tapering 
gradually to the back. The breadth of the blade should 
be sufficient to give it the necessary rigidity : the blades 
of frame-saws can be made considerably narrower than those 
of other saws. 

Requisites of a good saw .—The blade should be stiff and 
elastic, springing back to its original shape if bent; it should 
be as thin and as narrow as possible provided it is sufficiently 
stiff. The saw should bend regularly at all points, and not 
more in one place than in another. "The sides of the blade 
should be smooth and perfectly even ; this can be ascertained 
by examining it in various lights. The blade when struck 
should give a clear ringing sound. To test the temper of the 
steel one tooth should be sharply struck on one side with a 
hammer; if it bends too easily the metal is too soft, while if 
the tooth breaks it is too brittle. The saw should be well 
balanced, and the handle should be firmly fixed to the blade. 


4. The Adze. 

This implement is much employed in India for trimming 
and squaring timber, hollowing out boats, and dressing the 
stools of coppice fellings. The adze in general shape some- 
what resembles the axe, except that the cutting edge is at 
right angles to the handle instead of in the same plane with it. 
Adzes ordinarily yary in weight from about to 6 lbs. or 
more, and the length of the handle is !-!• to 4 feet. Types of 
adzes are shown on Plate V, figs. 25 to 29. 
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natural size. 

20 

1. Cross cut saw. 

2. Advantage of curv .--edged Saw In producing extra space for sawdust 

3. Pit saw. 

4. Delhi saw. 

5. Maratha saw. 

6. Frame-saw for Jongltudlnal cutting. 

7. Frame-saw for cross-cutting. 

8. Country hand-saw. 

9. European hand-saw. 


' To face page 192. 
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5. The Wedge. 

Wedges are employed for splitting logs or fuel billets, 
and for assisting in the felling of trees and the. longitudinal 
sawing of timber. Wedges are made either entirely^ of iron 
or of wood, or partly of iron and partly of wood. Some 
forms of wedges are figured on Plate V, figs. 80 to 38. Iron 
w r edges have either flat sides or sides with serrate grooves to 
prevent the wedge from slipping out, which a smooth iron 
wedge is apt to do (see fig. 8-1). "Wooden wedges are made of 
hard tough wood, and are sometimes strengthened by an iron 
band round the top (fig. 32). A serviceable form of wedge, 
the lower part of which is made of iron and the upper part of 
wood strengthened round the top by an iron ring, is shown in 
fig. 33. Iron wedges are driven in with a heavy wooden 
mallnt, while wooden wedges are commonly driven in with 
the fiat back of an axe. 
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6. Implements for Directing the Fall of Trees and 
tret c ting St rnnps . 

. ^fcaic various implements and devices for directing 
tno ran ol trees, particularly when they arc felled by cutting 
noug i the roots, and for extracting stumps. The chief of 
these are the following 

The forest devil (Plate VIII, fig. 1).—This is a powerful 
instrument used for extracting stumps and pulling over trees 
whose roots have been cut through. It consists of a strong 
wooden handle, to which a long chain, A, and two short 
c anas, P and C, are attached, the ends of the short chains 
terminating in hooks. A separate long chain, D, is attached 
to rue stump to be extracted or the tree to be pulled over 
and the end of the long chain A is attached to a fixed object 
such as a standing tree or a stump. The handle is then 
moved to and fro, the chains 13 and C being hooked alter¬ 
nately into chain D; the whole system of chains thus becomes 
more and more tightened until the stump is pulled out of the 
ground, or the tree is pulled over, as the case may be. 

The thrust-pole (Plate VIII, figs. 2 and 3).—This imple¬ 
ment is used for pushing over trees whose roots have been 
partly cut through. It consists of a long wooden pole, the 
lower end of which rests on a serrate board fixed firmly on 
the ground by means of a peg : at the “upper end of the pole 
is a spike which is pushed into the tree. The pole is pushed 
forward along the board by means of a couple of levers 
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working on an iron cross-bar near tbe base of the pole, the 
tree being thus gradually pushed oyer in the required 
direction. 

The hook-lever (Plate VIII, fig. 4).—This is a strong 
wooden lever % witli a pronged iron end and a hook attached 
to a ring which slides along the lever : the implement is used 
for ^extracting stumps, the method of using it being shown 
on Plate VIII, fig. 5. Portable windlasses and capstans may 
also be used for pulling down trees or extracting stumps, 
while for the latter purpose ordinary levers can be made use of. 


Section II.—Season ron Peeling. 


In India the season for felling is so governed by climatic 
condition that all other factors are almost negligible ; al thou oh 
the available supply of labour to some extent affects the fell¬ 
ing season, this is itself largely governed by climatic condi¬ 
tions. In the plains and lower hills of India the general 
rule is to fell as soon as the forests become dry enough to per¬ 
mit ol work alter the close of the monsoon, that is, usually 
from October or November onwards, the felling being com¬ 
pleted as early as possible to enable the coupe to be cleared 
while the weather is dry and not too hot, for during the 
hottest months of the dry weather work must be done in 
moderation where dragging animals are employed. Polling 
is sometimes done during the rainy season in order to devote 
the whole of the open season to extraction : this, however is 
not always practicable owing to the unhealthiness of the 
forests and their flooded state. In Burma the fellin^ of 
teak is done sometimes in the rains and sometimes in "the 
dry season, that is from October or November onwards, so 
that the timber may be dragged and floated during the follow¬ 
ing rains, when the slippery state of the ground facilitates 
dragging, and the floating-streams contain a sufficiency of 
w ater. In the Himalayas felling at the higher altitudes is 
done in the warm season, work being suspended during the 
winter owing to the depth of snow and the severity of the 
climate: for the winter months, therefore, the woodcutters 
descend to the lower valleys and work there. The labour 
supply ail nets the season of felling i n that labour is often 
scarce during the seasons when important agricultural work 
is m progress. Where fire-protection is strictly enforced 
fellmgs are suspended during the fire season. 
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Apart from climate and labour supply there are other 
factors which influence the season of: felling favourably or 
adversely, though as far as India is concerned some of these 
are of rather theoretical interest. Thus, to ensure slow 
seasoning timber should be cut in damp cool weather, while 
fuel should be out in dry hot weather to promote rapid 
drying. Felling in winter, -when snow is on the ground, 
prevents breakage of the tress in falling and also protects 
seedling growth from damage. For the protection of young 
growth the best season for felling would be the season of rest, 
which varies with species and locality, while during the 
rainy season, when young growth is succulent and tender, 
most damage to it would be done in felling. Coppice fellings 
should be carried out during the period of rest of the species 
concerned. From the point of view of durability in the 
timber the best season to fell is when there is least reserve 
material in the wood, that is, immediately after a new flush 
of leaves appears. 


Section III. General Rules oe Economic Felling. 

In felling trees in the forest the woodman should be 
guided by three chief considerations, (l) the production of 
the maximum amount of material with the minimum 
amount of waste, (2) the avoidance of damage to the felled 
tree and to the surrounding forest and undergrowth, (3) the 
nature of the locality as regards facility of export. On the 
basis of these three considerations certain rules for the 
conduct of felling operations can he laid down: these 
rules are as follows :_ 

(1) Trees should he felled in a manner and in the direc¬ 

tion in tohich they toill do least damage to the 
forest growth .—Sometimes the crowns or side 
branches of large trees are cut off before felling, 
to minimize the damage to the forest. Where 
climbers bind the tree to be felled to a neigh¬ 
bouring tree they should be cut at least a year 
before the felling, so that they may have time to 
die. 

(2) Trees should he felled in a manner and in the direc¬ 

tion in which they toill do least damage to them¬ 
selves in falling .—For this reason trees should 
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not be felled across a ravine or across felled trees, 
logs, or other obstructions, as they would stand 
a strong chance of breaking in pieces. Here 
again it is advantageous to lop trees before felling, 
as large branches exercise great leverage on the 
stem when the tree falls, and frequently cause 
the stem to split. On hilly ground felling down¬ 
hill should be avoided, as the tree has furthest to 
fall in that direction and is most liable to become 
broken. The best direction to fell is uphill, the 
damage to the tree being least owing to the short 
distance through which it lias to fall. In felling 
uphill the tree is apt to slide end-on down the 
slope, but it has been found by experience in 
the Punjab Himalayas, where deodar trees are 
felled uphill, being pulled over by a rope tied 
to the upper part of the tree, that if the tree 
slides down it soon stops by coming in contact 
with a rock or digging its nose into the ground. 
In felling uphill the tree is also sometimes apt to 
slide off the stump and kick up at its base, so that 
care is necessary to keep clear while the tree is 
falling. Where felling uphill cannot be conveni¬ 
ently carried out the next best direction is a 
horizontal one. 

(3) Trees should he felled in such a direction that the 

logs can he extracted most easily .—Por this 
reason trees should not bo felled into ravines or 
other places from which it is difficult to extract 
the timber. 

(4) Trees should not he felled during a strong wind ._ 

This is necessary as the direction of falling 
cannot be guided during a strong wind. 

(5) Trees should he felled as low as possible .—The 

object of this important rule is to prevent 
unnecessary waste. 

(6) Felling should usually begin at the top of a slope 

and proceed downwards .—If felling starts from 
below and proceeds upwards the trees below 
become thinned out first, and there, is after¬ 


wards more risk of trees sliding down, when 
the fellings have reached the upper slopes, than 
il the lower part of the forest were kept dense, 
as would be the case if fellings started from 
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above Another disadvantage of commencing 
felling from below, especially where fuel is 
produced or timber is converted into scantlings, 
is that the stacks of fud or scantlings would be 
apt to bo knocked over by trees felled higher 
up the slope if these were to slide down, while 
at- the same time the workmen would be exposed 
to danger. 

(7) Fellings ,should be concentrated as much as pos¬ 

sible.—As a general rule only as many trees 
should he felled at a time as can he converted 
and removed within the next few days. This is 
advisable in order to facilitate supervision and 
is particularly necessary where there is danger 
of insects attacking the felled timber, or if the 
timber is of a kind which is liable to rot if left 
lying in the forest. Logs left scattered over the 
forest are subject to risk from fire, theft and loss. 

(8) Valuable trees should be felled by the saw or by the 

saw and axe combined , and not by the axe alone .— 
Telling by the axe alone causes much waste, as 
will be exjdained below. 

The practice of cutting the branches or crowns off trees 
is commoner in Europe than in India, but its more extended 
use in India is much to be desired, as the amount of damage 
done to the surrounding trees and young growth is very 
much lessened. The system of cutting off the main branches 
before felling is carried out in the Himalayas, where large 
deodar trees are treated in this way. A good climber ascends 
the tree, lops off the main branches, and fixes a rope to the 
upper portion of the tree, which is then felled uphill, the axe 
alone being employed ; the rope is steadily pulled by a num¬ 
ber of men to guide the tree in falling in the proper direction. 
In Bashahr it has been found that in the case of trees aver¬ 
aging slightly over 9 feet in girth, the average cost of felling 
is one rupee, that is, about 2£ times the cost of felling with¬ 
out cutting off the branches and without the use of ropes ; this 
extra cost, however, is far more than compensated by the 
saving of damage to the forest. As many of the larger deodar 
trees in the Himalayas are much branched, the felling of such 
trees when standing over a crop of young poles causes an 
immense amount of damage : in such cases every effort should 
be made to introduce the system of lopping before felling. 
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The lopping of branchy deodar trees prior to felling has of late 
years been introduced in the Jaunsar Himalayas with good 
results. Plate IX shows a deodar tree lopped for felling. 
In some parts of Europe skilled climbers ascend the trees by 
means of climbing-irons, and with an axe cut off the entire 
crown of the tree before it is felled. 


Section IY.—Methods op Eelling. 

Trees may be felled either by cutting above ground or 
by cutting through the roots in such a way that the tree in 
falling drags out the thick ends of the main roots and falls 
with these attached to its base. The former is the usual 
method of felling trees : the latter method is followed where 
the extraction of the stumps is desired for the purpose of 
clearing the ground, or where very valuable trees, such as 
sandalwood, are felled, the wood of the stump and the 
principal roots being of value. 

1. Felling above ground. 

There are three common methods of felling trees above 
ground, (1) with the axe alone, (2) with the saw alone, (3) 
with axe and saw combined. In addition to these may be 
added a fourth method of comparatively recent introduction, 
whereby trees arc felled by electricity. A special steam saw 
for felling trees is alluded to on page 145. 

(1) Felling with the Axe alone. 

In felling a tree with axe alone a cut, A (vide Plate X, 
fig. 1) is first made on the side to which the tree is intended 
to fall; this cut should be made as low down the trees as 
possible, and should extend a little beyond the centre. A 
second cut, B, is then made a few inches above the level of 
the first cut on the opposite side of the tree ; this cut should 
be made to meet the first cut, so that the tree becomes cut 
through. The fall of the tree in the proper direction can be 
assisted by driving billets of wood or wedges into the cut B, 
hut if the tree naturally leans in the wrong direction or has 
its heaviest branches on the side opposite that to which it is 
required to fall, its fall should he assisted by pulling on a 
rope previously fixed to the upper part of the tree. A sym¬ 
metrical tree requires no assistance in falling if the cutting 
has been properly done. 


FELLING OF TREES. 
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The bases of botli cuts maybe eit her horizontal or slightly 
slojiing, but it is essential that they should be made in such a 
manner that when the cutting is complete the line of contact 
between the hole and the stump should be perfectly horizon¬ 
tal and at right angles to the direction in which the tree is to 
fall. The two cuts can be made simultaneously by two men 
working on oj^osite sides of the tree. 

Felling by the axe alone has the great disadvantage of 
being a most wasteful method, for not only is the wood from 
the cuts wasted in the form of chips, but the wood comprising 
the wedge-shaped end of the log has usually to be trimmed off 
when the timber is converted. On the other hand, the advant¬ 
ages of felling with the axe are first, that labour for felling 
with the axe is easier to obtain than sawyers’ labour, second 
that the fall of the tree can be easily guided, and, third, that 
the axe is more suitable for work on rocky or difficult ground. 

In feiling trees for coppice the axe alone should be used 
or the billhook for small-sized trees, as the stump produced 
in sawing has a rough surface unsuitable for stools intended 
for coppice. Skilful workmen can carry out the trimming 
of the stumps and the felling of the trees in one ojieration, 
by giving an upward stroke in making the lower surface 
of the axe-cut, the cut being made as near the ground level 
as possible. In some localities the adze is used to trim the 
stumps after felling. 


(2) Felling with the Saw alone. 

The saw-cut begins on the side opposite to that to which 
the tree is intended to fall, and is continued right through 
the tree. Wedges are driven in behind the saw as the cut¬ 
ting proceeds, to prevent the saw from sticking and to guide 
the fall of the tree (vide Plate X, tig. 2). By this method 
there is less waste than by any other method, but the dis¬ 
advantage of working with the saw alone is that the fall 
of the tree is difficult to guide, as the tree in falling rests on 
the rounded edge of the stump, and is apt to roll to one side. 
The fall can to some extent be guided by the use of a rope or 
the thrust-pole. The saw-cut may have a slightly downward 
slope tow ards the direction in which the tree is to fall. 

(8) Felling with Axe and Saw combined. 

A cut, A (vide Plate X, fig. 3), is first made with the 
axe on the side to which the tree is intended to fall; this cut 



extends to about -J- or -J- of the diameter of the stem. A saw- 
cut, B , is then made on the opposite side, and is continued to 
meet the first cut, wedges being driven in behind the saw as 
advances. The base of the first cut, A, is sometimes made 
with the saw, the upper surface of the cut then being com¬ 
pleted with the axe. This method is the most satisfactory of 
the three : tlie fall of the tree is easy to guide by reason of 
the axe-cut, while the waste is little more than where the saw 
alone is employed, owing to tlie small size of the axe-cut. 
In the Kheri forests this method is employed, but the saw-cut 
commences some distance above the axe-cut and slopes down 
to meet it; this would seem more wasteful than where a 
horizontal saw-cut is made, but the advantage claimed for it 
is that no wedges are required, the weight of the tree aided 
by the axe-cut keeping the saw-cut open. 

(4) Felling by Electricity. 

A thin metallic wire stretched in a frame with insulating 
handles is brought to a white heat by an electric current 
and used, like a saw for felling trees. Another method is 
to fell trees by means of a rapidly revolving drill, worked by 
electric power ; this drill is moved backwards and forwards in 
a horizontal line, cutting its way into the tree. A machine 
for felling trees has recently been invented by Hugo Gantke 
of Berlin, in which a steel wire is pulled rapidly backwards 
and forwards round the tree, sufficient heat being produced 
by the friction to burn a groove through the tree :"the motive 
power is a machine of to 7 horse power, and the machine 
is said to fell a tree in half the time required for fellin 0, with 
a hand saw. 

2. Felling ly the Boots. 

In felling by the roots the earth is first dug away so as 
to lay bare the principal roots, which are then cut through 
with an axe or small hand-saw in two places, the section 
between the cuts being taken out, by levers if necessary, to 
give access to the main roots beneath. * If there is no taproot, 
the roots on the side away from that to which the tree 
is to fall are cut last, the tree being pulled over with ropes 
or pushed over with the thrust-pole while the last roots are 
being cut. Where there is a taproot it is cut last, the first 
cut, being made on the side to which the tree is to fall, and 
the last, cut, which should be the largest, on the opposite 
side ; during the final cutting of the taproot the tree should 
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*. Method of foiling with axe alone. 

'* »• »• saw alone. 

*• .. axe and saw combined. 

4. Method of attaching rope in pulling out stumps. 

6. Extraction of slumps with the aid of rope* and pulleys 
(block and tacklel 
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be caused to sway backwards and forwards by a number of 
men pulling at a roj)e attached to the upper part of the 
tree, poles being pushed further and further under the roots 
of the tree as it bends downwards, in such a way as to prevent 
it regaining its upright position. 


Section V.—Extraction of Stumps. 

The extraction of stumps may have to be carried out, 
not only for the purpose of clearing land for cultivation, 
building sites, roads, etc., but also for purposes of utilization ; 
thus the stumps of sandalwood trees are extracted for the 
sake of the large amount of oil contained in them, while 
those of Acacia Catechu are rich in cutch, and are grubbed 
up for cutch manufacture. 

Stumps may be cut up in situ with axes, but this procedure 
is usually very slow. The chief methods of extracting 
stumps are (1) by the use of mechanical appliances, (2) by 
dragging with the aid of draught animals, (3) by blasting 
with powder or dynamite. Where either of the first two 
methods is employed the earth should first be cleared from 
round the base of the stump and all the principal roots cut 
through. 

1. Extraction by Mechanical Appliances. 

A rope or chain is attached to the stump in the manner 
shown in Plate X, fig. 4. The stump can then be pulled 
out of the ground by means of the forest devil or by a windlass 
or capstan. The use of the hook-lever has already been 
explained. Ordinary levers may also be employed ; these 
are poles of strong tough wood with bevelled ends. 

2. Extraction by Dragging icith Draught Animals. 

A .rope or chain is attached to the stump as in the pre¬ 
vious case, its other end being harnessed to a pair of oxen or 
an elephantthe stump is then dragged out of the ground. 
The dragging power can be increased by employing a system 
of pulleys as shown in Plate X, fig. 5, one rope being attached 
to the stump, another to a tree or other fixed object and 
the third, or dragging rope, being harnessed to the dragging 
animal, 
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Gunpowde 


r or Dynamite. 



To blast stumps with gunpowder a hole is bored verti¬ 
cally down through the stump at or near its centre with a 
large auger ; if the centre is rotten the bole should be bored 
irom one side, and should penetrate to the centre of the 
stump at its base. A charge of 1^ to 5 oz. of blasting 
powder, the amount varying with the nature and size of the 
stump, is usually sufficient. The fuse is introduced and the 
hoie tamped with clay as in rock-blasting, the fuse being 
then ignited. & 

In blasting stumps with dynamite the hole may be bored 
through the stump as already described, or it may * be bored 
through the ground in a slanting direction immediately below 
the stump, with as little disturbance of the soil as possible 
by means of a crowbar or a 3" earth auger. The charge of 
dynamite varies ordinarily from 2 to 3 oz. but a charge up 
to 5 oz. may be used for large firm stumps. The dynamite 
cartridges are introduced one at a time and firmly pressed 
dovm with a wooden tamping-rod till they fill the hole. 

the detonator, attached to the fuse, is introduced into 
lie last or primer cartridge before it is placed in the blasting 
loie, a hole bemg made in the dynamite cartridge with a 
small stick m order to admit the detonator. The hole should 
be tamped with wet earth, mud, or damp clay, the tamp 
icing as compact as possible ; the entire hole should be filled 
up to the top. Loose sand or gravel is of little use, as it 
gets blown out of the hole, and much of the force of the 
explosion is wasted. 


Several stumps may be exploded together by electricity. 
1 he stumps are first charged with dynamite and the holes 
are tamped: the fuse in each stump is connected by a wire 
to that of the next stump until a complete circuit is obtained 
when th.e whole group of stumps is exploded simultaneously by 
an electric battery situated at a safe distance from the stumps. 


Section VI.— Clearing the Coupe. 

The subject of transport of timber is dealt with fully 
under Forest Engineering, and is beyond the scope of this 
I,?. fee convenient, however, here to make some 

j-iel mention of the chief methods employed in removing 
f1 ‘ ,?'■ a , ncl ,. o(, ' Cl ' material from the felling area or coupe to 
tii3 point trom which it commences to ho transported to 
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2. Completed dragging path with teak logs on it. 

t To focc page 133. 


1. Dragging-path under construction ; billets 
laid down but not yet sunk. 
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some distant market. For detailed descriptions of apparatus 
or means of transport employed, works on Forest Engineer¬ 
ing should be consulted. 

By clearing the coupe is understood the removal of timber 
and other material from the felling area, whether in the 
round or after partial or complete conversion. The distinc¬ 
tion between clearing the coupe and transport is not always 
clear, because the two operations are often identical. For 
example, in the Himalayas sleepers are carried off the felling 
area on the backs of men, and are removed by the same. 
means often to considerable distances before they are placed 
in wet slides : similarly where logs are dragged from felling 
areas by elephants the dragging may. have to continue for a 
mile or more until a suitable floating-stream, cart-road, 
railway or other line of export is reached. 

There are various methods of clearing a coupe, the chief of 
which are carrying, removing on wheels, dragging, sliding, 
sledging, and roiling. 

Carrying in order to clear the coupe is done chiefly by 
men. Where animals are employed they are intended 
rather for transporting material to a distance than for 
actually clearing the coupe. Carrying by men is expensive, 
and should be employed only for short distances, or where 
no other method is feasible. On the other hand carrying 
does less damage to the forest than other methods. ‘The 
principal animals employed in India for carrying are mules, 
ponies, bullocks, and camels. In parts of the United Prov¬ 
inces poles and similar material are suspended on either side of 
a saddle and half dragged, half carried, by means of bullocks 
or buffaloes; this does much damage to the roads. 

The employment of wheeled conveyances is a less destruc¬ 
tive iorrn of clearing the coupe than dragging, as the young 
growth is not crushed down to the same extent Large lo«*s 
may be moved by suspending them from the axle of a pair 
of large wheels; in this method of loading, however, the 
log is apt to swing from side to side, and the chains are 
liable to break. Wheels cannot be employed on very rough 
broken ground or hilly country, so that their use is somewhat 
restricted ; they are also le^s suitable for transporting logs 
er other material over short distances than dragging, because 
m the time taken in loading and unloading. 

T>mggmg is done by men or by draught animals. It 
m ay be facilitated in either case by placing round billets 
under the logs to act as rollers, these being taken up from 
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behind and placed in front of the log as it proceeds. A 
dragging-path, particularly on soft ground, can be greatly 
improved by placing billets of wood about 4" to 6" in 
diameter some 3 to 4 feet apart across the path, after the 
manner of sleepers, longer billets being placed at the curves; 
these billets, over which the logs slide easily, are half sunk 
m the ground, and may if necessary be kept in position by 
wooden pegs driven into the ground. A dragging-path of 
this kind is figured in Plate XI. Dragging can be employed 
in more hilly and broken country than carting, but is not so 
suitable for transporting timber over long distances because 
of the strain on the dragging animals.. Dragging should not 
be allowed on permanent roads, as it cuts up the road- 
surface ; in the forest it is advisable to have temporary 
dragging-paths over which many logs are dragged, so that 
unnecessary damage to the forest may be avoided. 

There are various methods of attaching the dragging- 
chain to the log. One method is to employ a pair of 
grappling hooks (Plate XII, figs. 1 and 2), which are 
hooked into two small niches cut one on either side of the 
log a few inches from one end of it; when the pull is 
exerted the chain tightens, keeping the hooks firmly 
embedded in the niches. In spite of its advantages, this 
method is not always satisfactory, for unless a steady pull is 
maintained, which is not the rule with elephant haulage, the 
hooks are liable frequently to become detached. Another 
method is to drive an iron spike, to which a ring is attached, 
firmly into the end of the log, the dragging rope or chain 
being fastened to the rope (vide Plate XII, fig. 3). A 
common method of fixing the dragging chain is to cut a hole 
through the corner of the log a few inches from its thick end. 
I he end of the log is apt to dig itself into the ground during 
dragging, and for this reason it is necessary to adopt some 
aeviqe for preventing this. A somewhat wasteful method is 
o snout 55 the thick end of the log, that is, to trim it into 



*■ , uu ing lu its wastui unless ; it is generally 

m f c ^'dlicient to round off the corner of the log which 

The cor’in grouad d , urin » dragging, as in Plate XII, fig. 6. 
; tect method of logging timber in order to minimize the 
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1 & 2. Hooks for attaching dragging-chain to logs. 

3. Iron spike for dragging purposes. 

4. A •' snouted ” log with drag-hole : wasteful method. 

5. Another wasteful method of preparing log for dragging. 

6. Correct method of trimming log for dragging with drag-holo. 

7. Logging to prevent waste in cutting drag-hole. A B— incorrect cut. 
B C-correct cut. D-drag-holo. 

8. German krempo, or levor for moving log#. 

9. Method of rough-squaring logs. 
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tlie front end of the log during dragging, are also employed to 
prevent it from digging into the ground. Another form of 
dra°*-hole sometimes employed is cut in or near the centre of 
the°bu# as shown in Plate XII, fig. S, but this method is, 
like cc snouting,” very wasteful, as the end of the log has to 
be trimmed to a more or less conical shape. 

Drag-holes may he dispensed with, especially for small 
logs, the dragging-chain being merely passed round the log 
near the thick end and tightened; two or three small logs 
may be fastened and dragged together in this way. If logs 
are rough-squared on the felling site an unsquared piece 
should be left at one end, so that the dragging-chain may he 
passed round the rough end, which keeps the chain from 
slipping off. 

The most powerful timber-dragging animal is the 
elephant. In some parts of the country, particularly in 
Burma and the Andamans, the bulk of the timber supply, as 
far as the more valuable classes of timber are concerned, 
depends on the available supply of elephants for dragging 
purposes. Elephants are also employed for dragging timber 
in parts of Bombay and Madras. A large proportion of the 
laro’e-sized teak timber of Burma is dragged from the coupe 
to the floating-streams by elephants, two, three, or more 
animals being harnessed to a single log if its weight is 
too much for one animal. The best dragging gear consists 
of a breast-band, to which the dragging chains are attached, 
and a small wooden saddle, padded underneath, over which 
passes the rope which keeps the breast-band and dragging- 
chains in position. Plate XIII gives an idea of timber 
working by elephants, as carried out in Burma. The amount 
of work an elephant can do per cliem varies greatly according 
to circumstances: a good average day’s work for one 
elephant is to drag a ton of timber 1 to miles where the 
country is not too difficult. 

After elephants, the animals next in importance for 
dragging purposes are buffaloes, while oxen are employed 
for medium or smaller sized logs. The animals are usually 
yoked together in pairs, the dragging-chain being attached to 
the yoke. 

By the construction of dragging-paths laid with billets of 
wood, as described above, it has been found possible to drag 
large teak logs of as much as 4 tons with the aid of teams of 
2 to 4 pairs of buffaloes. 
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j nT1p • dragging by elcpihants and buffaloes is usually 

h ■ A*.?, , rains an ^ the cold season, as little as possible 

- on till the hot weather. Dragline: is easiest in the 


r - . -Dragging is easiest in 

’ 0AV1 ^S to the slippery nature of the ground ; it has even 
n ound from actual trial that dragging in the rainy 
eason may be as much as three times as easy as in the dry 
season on the same ground. 

tbp^n°i e ^o dragging of logs has to be done up steep slopes 
/ . 7 5 -2™. a .E a tackle arrangement mentioned on page 131 
b) can be applied with success. 
sliding is employed on liilly ground where the gradient is 
too steep for dragging, the logs being allowed to slide end- 
011 down the hill-sides by their own weight. The speed of a. 
log can if necessary be controlled by attaching to one end of 
it a long rope which is passed once or twice round the trunk 
°.. a tree and held by a workman, who can regulate the speed 


I. 41 , , . * # . ,T xjuuil ujulo wuuuu. 

01 the log by tightening or slackening the rope. The tree 


round which the rope is passed should cither be one about 
to be felled or one of little or no value, as the hark is almost 
certain to he torn off by the friction of the rope. Logs 
ebon d be slid as much as possible clown the same track, to 
unnecessary damage to the young growth on the 

v-u; \ lC ' , 18 0 e . n Beccssa ry to prepare an “ earth slide ” 
inch may be merely a natural hollow running down the 
0 11 ,\ ai ^. S1 ^ e > or an artificially prepared depression. In 

is 1 !^ mg . ai i eai ^b a certain amount of preparation 
tirm, f sar y . 1G *be way of removing rocks and other obstruc- 
varv IT the ? 1 1 ldlBS P ath - In gradient an earth slide may 
m, v 11 Wlde margins, usually between 20° and 60°, but 
the 1 8Kull ? nt of more than 25° it is impossible to prevent 
knowrP , r ? m slidiu S down without control unless walls 
iiit(Tv.| aS w? k " walls are constructed across the path at 
assUmi V - W ^ ow gradients the sliding of the logs is 
tlie W , ^ m< r i 1S levers > tmt care is taken not to allow 
Hiinalgi,,. ° 8 'te down without control. Earth slides in the 
not occur at t! U f ua ^ stl 'aight, hut gentle curves, if they do 
than < )t wiT frt £ u ® nt intervals, are rather an advantage 


'vbere 1 ho ? v wa ^ s are erected only at points 

er cartiT ba1)le to leaYC the slides. In Europe the 

eurvfs can } K ( , s a f e protected by poles; fairly sharp 

taken to remove 1 lu <*ted on such slides. Care should be 
^ 11 ,, J? () ^ PS "b° n they reach the termination 

•roken or split bVcoiu^ 8 C()n l* a S down later may not get 
sion with timber lying on the ground. 
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PLATE XIII, 


TIMBER WORKING BY ELEPHANTS. RUBY MINES DIVISION, UPPER BURMA 


Photos, by Arthur Boyd. 


Photo-Mc-ehl. Dept.. Thomason Colleee, Roorkee. 
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Sledging is a useful method of clearing the coupe, as 
sledges can be employed both for timber and for fuel. There 
are many forms of sledge, the essential feature of all being 
a pair of parallel runners made of bard wood; these take the 
place of the wheels of a cart. Sledging is most suitable for 
winter when there is snow on the ground. Bullock-sledges 
arc sometimes used in Saugor, Central Provinces, chiefly for 
the export of small material such as firewood. 

Bolling can be carried out only on ground fairly free 
from trees, rocks, and other serious obstructions. It can be 
done by men with the aid of ordinary levers, the liook-lever, 
or a useful German form of lever known as the krempe (Plate 
XII, fig. 8). 

Elephants can be employed for rolling timber ; this they 
do by pushing the logs with the tusks or the base of the 
trunk. In some of the Himalayan forests special rolling 
roads are constructed for the extraction of deodar logs. 
Bolling should never be employed on ground covered with 
reproduction, or on steep slopes in places where there are 
many people about, as the rolling of logs down steep hill¬ 
sides uncontrolled is highly dangerous. 

A rolling-road is a specially Constructed road for rolling 
logs down a gentle incline. The maximum and mean 
gradients should not exceed lo° and 3°, respectively, while 
sharp curves should be avoided as much as possible ; hence 
the construction of such roads is expensive where many 
obstacles are met with. Two parallel lines of poles are laid, 
like rails, along the rolling-road, these being partly embedded 
in the ground to keep them firm. The logs are rolled in 
batches of 10 to 20, the only implements used being levers 
about 6 feet. long. The foremost log of the batch is kept 
from rolling forward by stones and wood wedged under it 
in front. More stones and wedges are then placed about 30 
feet in front, and the original stones and wedges are knocked 
out from under the log; the logs are then rolled forward with 
levers, and come to a stop where the stones and wedges have 
been placed. This operation is repeated constantly so that 
the logs may not get out of control. In exceptional cases a 
stream-bed may be transformed into a rolling-road by 
removing large stones and laying poles along its bed. 

The system of rolling logs is not unattended by accidents. 
Men have to keep in front of the rolling logs to stop them 
or guide them with levers, a work which is somewhat risky. 
Boiling-roads are most in use in the Punjab Himalayas. 
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Anything more elaborate in the way of export works 
than the devices described above must come under the head 
of transport of timber and are beyond the scope of this work. 


Section VII.— Logging and Conversion op Timber. 


1. General. 

Timber is ordinarily logged at the felling site, and may 
he converted either in the forest or after extraction, while 
the conversion may he carried out either by hand or in 
sawmills. 

The actual classes of converted material to he produced 
must depend on the demands of the market, but one general 
maxim should always he followed, namely, that the method 
of conversion should involve as little waste as possible. One 
of the most fundamental rules of economic conversion, 
accordingly, is that the axe should not he employed where 
the cutting can he done by means of the saw, because the 
waste produced in sawing is much less than that produced 
in cutting with the axe. This rule is, unfortunately, often 
disregarded in India, hut every endeavour should he made to 
promote the use of the saw in preference to that of the axe. 


2. Logging. 

When a tree is felled its branches and excrescences are 
trimmed off and the hole is sawn into logs, the size of which 
depends on the demands of the market and the purpose for 
which the timber is required. Where only fuel is saleable 
the hole is cut and split up for fuel. Where fuel is not 
saleable the branch-wood is usually left lying as waste in the 
forest, except such as can be employed for poles, posts, or 
other marketable material. Where, however, timber and 
uei are both saleable, all material not required for timber 
is cut up into suitable lengths, sorted into different classes, 
and either temporarily stacked in the forest or at once 
dil l 'i i H V?® 00 * attacks are feared the timber should 
1,J } rked at onC0 or immediately removed. 

^H'rdogs are to be 44 snouted 55 or otherwise trimmed 
car( . Rhonld^i pi f7 OB<>8 i or ", liere drag-holes are to be cut, 
of J " ! 10 1 taken , t0 ‘he top log include the base 

immedKv"1 I""' 7 11 . |IO f ibl(! ’ and not to log the tree 
immediately below where it branches. In this way the 
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drag-hole can be cut in the base of a branch and not in 
the log itself; this is explained in Plate XII, fig. 7. 
Similarly if a tree is crooked the greatest length of un¬ 
damaged straight timber is obtained by logging a few inches 
into tbe bend, and cutting the drag-hole in the bend. 

Ordinarily timber is completely logged at the felling-site, 
but sometimes it may be convenient to drag longer logs than 
it is possible to float, in which case logging is commenced 
at the felling site, long logs being dragged to the floating 
stream and there cut into shorter lengths before floating. 


3. Bough Conversion. 

By rough conversion we mean such operations as rough 
squaring logs and trimming off sapwood, as well as partial 
fashioning as in the case of half-made naves, spokes and 
felloes of wheels, cask-staves, and other articles which are 
often partially fashioned in the forest before extraction. We 
may also include under rough conversion the cutting and split¬ 
ting of fuel. Rough conversion is usually carried out in 
the forest, frequently at the felling-site itself, the chief 
object being to cheapen the cost of extraction by reducing 
the bulk or weight of the material to be extracted. 

The different classes of timber in the rough have already 
been given on page 64; the demand for each of these 
classes should be taken into account during the rou°h 
conversion and sorting of the timber. 

The rough squaring of timber facilitates extraction where 
this is clone by carting or carrying. The comers of the 
square should first be marked with a string blackened with 
powdered charcoal and water or oil; the string is stretched 
tight along the log by two men, one at each end of the log, 
while another man pulls it away from the log in the centre 
and then releases it so that it strikes the log and leaves a 
black line. The squares are also marked off on the ends 
of the log. Hough squaring is usually done with a trim- 
ming-axe or adze. If the log is a long one the squaring 
should be done in sections, a number of cross-cuts being 
made at convenient intervals to guide in the squaring (vide 
Plate XII, fig. 9). 

Puel may be converted and classified into four main classes, 
(1) split billets, that is, the larger pieces which have to be 
s plit to convenient size, (2) round billets, that is, pieces 
which are not too large to use in the round, (3) root-wood 
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and stump-wood, that is, pieces cut to convenient size from 
roots and stumps, and (4) faggot-wood, which includes 
small-sized branch-wood and other small material, which 
is tied up into bundles and is sold chiefly for domestic use. 

Aii elaborate system of rough conversion is applied in 
the case of sandalwood in Madras. The trees are felled 
either by the roots or at the ground level, the roots and 
stump in the latter case being afterwards grubbed up. The 
stem and roots are cut into billets of convenient size for 
transport, great care being taken in this, as flic value of 
the billets is much enhanced by freedom from bends or 
knots. The sapwood is trimmed olf with an axe or adze, 
all except a thickness of about ^ of an inch, which is left 
on to protect the heartwood. All pieces are so treated, 
whether stem, branches, or roots, except branches with a 
section of heartwood less than the size of a rupee, and small 
roots. Felling and billeting is done entirely by the saw, 
the use of the axe being rightly forbidden. To prevent 
theft the sawn sections of each piece are numbered and the 
grain of the wood on all corresponding sections is compared 
on arrival at the depot. 

Among the many different- forms of rough conversion 
practised in India, one of the most important is perhaps the 
rough fashioning of cart-wheel naves, spokes and felloes, 
which are cut to approximate dimensions in the forest, to be 
finished off subsequently after extraction. 

4 . Sawing of Scantlings. 

IVhen it is intended to saw a log up into planks or 
scantlings the usual method is to mark out the sections of 
the converted material on the ends of the log, and to mark 
longitudinal guiding lines along its surface, after which the 
sawing proceeds. The heart of the log is often slightly 
unsound,' so that it may have to he avoided for sawn 
material. For ordinary purposes boards are shown in the 
manner shown in Plate XIV, figs. I and 2 : it will be seen 
from the diagrams that the boards so produced are cut 
largely on a tangential section. Now, as radially-sawn 
boards are not only stronger and less liable to' warp, 
but are in many cases also handsomer in grain than 
tangentially-sawn boards, it is preferable, except for ordinary 

rough use, to obtain as many radial boards as possible. 
There are various ways of sawing up logs to effect this 
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object, the chief of which are shown in Plate XIV, figs. 3 to 
8. There is one disadvantage, however, in sawing according 
to intricate patterns, and ihat is, that such patterns are more 
difficult and tedious to mark out than the simple patterns 
shown in figs. 1 and 2, which for mill sawing need not even 
he marked out at all : hence except for the better class of 
boards the simpler patterns are sufficient. 

When scantlings of different sizes are in demand the 
classes which fetch the highest price per cubic foot should be 
marked out first, the remainder of the space being marked 
out with less valuable sizes of scantlings. Conversion into 
railway sleepers is one of the most wasteful forms of conver¬ 
sion, so that if there is much demand for miscellaneous 
scantlings it usually pays better not to convert into sleepers : 
this is particularly the case with broad-gauge sleepers, where 
the wastage, even in sound logs, may amount to half the 
volume of the log, or more. 


5. Conversion by Hand. 

Conversion by hand may be carried out either in the 
forest or after the removal of the timber to a more central 
place. The method of rough-squaring with the axe has 
already been described; the subsequent conversion into 
scantlings and other ordinary classes of materials should be 
done with the saw. There are various methods of placing 
the logs in position for sawing, these varying according to 
the type of saw used and to local custom. 

Where- long pit-saws are employed for longitudinal sawin°* 
the logs are either placed on the ground level over a pit duo* 
in the ground, or raised on a skeleton platform of poles at a 
height of 6 to 8 feet from the ground : in either case one 
sawyer stands on the log and the other stands below it. Where 
a raised platform is employed the log is pulled by ropes, or 
pushed by levers up an incline formed by two or three poles 
placed at a gentle slope against the side of the platform. 
Where a pit is employed the log is merely rolled over the 
pit so as to rest on poles placed there to receive it. With 
short saws it is sufficient to raise one end of the~log off 
the ground, by resting it on another log or on a trestle. 
Where the log or square to be sawn is in such an inclined 
position as to render a firm foothold for the upper sawyer 
impossible, a rough form of ladder, consisting of saw-]ike 
steps cut out of a single piece of wood, is placed against the 
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.clinecl surface of the log to be sawn. Plate XV, fig. 1, 
shows the method of sawing sleepers by this means in the 
Nortli-West Himalayas, a frame-saw being used. Plate XV, 
fig. 2, represents a Delhi sawyer’s trestle, for sawing short 
logs. 

6. Conversion in Sawmills. 


(1) General. 

So far as the Indian Empire is concerned, sawmills are 
more extensively used in Burma than elsewhere, this 
province containing a far greater number than all the other 
provinces combined. 

As the establishment of a sawmill means the sinking of 
much capital, it should never be undertaken until the local 
conditions have been thoroughly studied. It may be said 
in general that the establishment of a sawmill is advisable 
under the following conditions :— 

(1) that there is a plentiful and regular supply of 

timber in the round, in order to keep the mill 
regularly at work, 

(2) that the timber can be brought to the mill in the 

round at a reasonable cost, 

(3) that there exists at least one good line of export for 

the converted material from the mill, 

(4) that there is a sufficient demand for all the 

material that can be converted at the mill, 

(5) that the working of the mill is likely to realise 

a reasonable profit: this will depend a good deal 
on the state of the timber market and the cost 
of labour. 


On the other hand n sawmill should not be established 
(1) where the timber is not available in sufficient quantity 
to keep the mill regularly employed, (2) where the timber 
available is largely hollow or unsound, so that the proportion 
of waste is very large, (3) where the timber cannot be 
extracted in the round except at a very high cost; in such a 
case conversion in the forest would usually be more profitable, 
(4) where there are no good lines of export from which 
converted material can be exported from the mill, (5) where 
there is no steady demand for converted material, (0) where 
there is a plentiful supply of cheap labour for hand conver¬ 
sion in the forest; in this case it is usually more profitable 
to convert it in the forest by hand sawing. 
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Sawmills in India are worked by steam power. In Europe 
water-power is sometimes employed, but it is not usually 
adaptable in India owing to the fact that the perennial supply 
of water is not sufficiently large or steady in those parts of the 
country where sawmills are chiefly in operation ; besides this 
the abundance of wood fuel from waste pieces obtained 
during the conversion of timber renders steam-power com¬ 
paratively cheap. 

According to their situation, sawmills may be classed 
into forest sawmills and sawmills situated at some central 
place away from the forest. The latter are permanent and 
are usually larger and more completely equipped than the 
former. Eorest sawmills are commonly of a smaller and 
more primitive type; they are situated within or in close 
proximity to the forest, and may be either permanent or 
temporary, the latter being portable, and usually on wheels, 
so that they may be shifted from place to place. Where 
conversion has to be carried out in the forest and labour for 
hand-sawing is expensive, portable forest sawmills are 
specially suitable. They have recently been introduced 
into Burma, but there they are as yet in an experimental 


stage. 


(2) Kinds or Sawmills. 


Every sawmill consists of three essential paits, (1) the saw 
and frame, (2) the mechanism which feeds the logs into the 
saw, and (3) the machinery which drives the mill. As 
regards (2), the mechanism consists either of a movable car¬ 
riage or bench on which the log is placed and moved towards 
the°saw, or a “ roller-feed ” consisting of a series of revolving 
rollers which move the log along towards the saw : the 
latter is suitable for even-grained soft woods, such as conifers, 
which are easily sawn, and not for hard or uneven-grained 
woods. The saw itself may be one of three principal types, 
(a) the reciprocating frame-saw, (b) the circular saw, and 
(<?) the band-saw. 

The reciprocating frame-saw is nothing more or less than 
a mechanical adaptation of the hand frame-saw. It consists 
of a frame, containing one or more saw blades; the frame 
moves vertically up and down, sawing with the reciprocating 
motion employed in all hand-sawing* This form of saw is the 
most primitive of the three forms of machine-saws, but is still 
largely employed in Europe. The number of blades which 
can be fixed in the frame at one time depends on the horse- 
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power of the mill and the kind of timber to be sawn ; where 
the power is sufficient, as many as 20 parallel blades may be 
fixed at a time, their distance apart being adjustable at will, 
so that the thickness of the boards sawn may be regulated. 
These machine frame-saws containing a number of blades are 
termed multiple saws. The advantage of the frame-saw as 
compared with the circular-saws is that it requires less power 
to drive and is less wasteful; but on the other hand it turns 
out its work much more slowly. 

The circular-saw consists of a flat circular steel blade with 
a continuous row of teeth round the margin; it works 
by revolving rapidly in one direction, like a wheel, round a 
horizontal axis. Where waste of wood, is not of vital impor¬ 
tance, and motive-power is cheap, the circular-saw is the best 
machine-saw for general purposes, as it turns out its work with 
great rapidity. One of the chief disadvantages of circular- 
saws is that they cannot saw timber of very large girth. 
Although circular-saws are sometimes made up to 7 or 8 feet 
in diameter, they are not to be recommended for general use 
above 6 feet: this would make the maximum diameter of logs 
which could be sawn through the widest part by a single circu¬ 
lar-saw less than 3 feet, allowing for the axle of the saw-blade. 

In the case of Indian hardwoods circular saws will not 
in actual practice cut more than about a quarter of their 
diameter, 18 inches being a large cut for hard timber. 

By having two saws working, one immediately above 
the other, a cut of 4 feet to 4 feet 6 inches can be obtained. 
Bor squaring logs, or converting into planks, thick scant¬ 
lings, or sleepers, two circular saws may be placed parallel 
to each other, the timber passing between the blades and 
becoming trimmed to the required dimensions at once. 

The band-saw is a long continuous flexible steel ribbon 
with teeth on one edge; it j)asses round two large revolving 
wheels, thus presenting a continuous cutting edge. Band¬ 
saws may work either vertically or horizontally/ The band¬ 
saw has several advantages ; it can saw timber of large 
diameter, causes little waste, requires less motive power than 
the circular saw, and turns out as much work as a circular 
saw and more work than a frame-saw. On the other hand, 
the band-saw requires much care and skill in sharpening and 
adjusting, so that its use is not recommended where a skilled 
and experienced mechanic is not available : the breakage of 
the saws when entrusted to any but a skilled man forms an 
expensive item in the working of a band-saw. 
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Among minor types of machine-saws may be mentioned 
a saw shaped somewhat like a pit-saw and used for cross¬ 
cutting logs as well as for longitudinal sawing ; this saw may 
be made of a portable nature for "work in the forest. A 
portable machine-saw of similar type has been invented for 
felling trees, the steam being conveyed from a small portable 
boiler to the machine at the base of the tree in a flexible 
pipe. 


Section YIII.—The Stacking or Timber and 
Pirewood. 


Until the produce of a felling area is disposed of it should 
be stacked so that it may season without being exposed to 
the attacks of insects or fungi, and, in the case oHimbcr, 
without becoming warped or cracked. This stacking may 
have to be done either in the forest or in some central depdt : 
wherever the stacking is done it should be done in such a 
way as to occupy as little space as possible, while each class 
of matenal should be stacked separately in order to keep a 
correct account of the produce and to facilitate inspection. 

1. Stacking Timber in the Bound . 

Timber in the round should be allowed to season slowly 
and iogularly; lienee it should be kept out of the sun if 
possible and placed m such a position that it will be freely 
2R?!°«••»"«» »' <*on allaide.. Timber j£g 
o kept lying on the ground for any length of time 
partieukriy if the ground is damp : it should be raised on 
b Uets of wood or kept off the ground by skidding (that is 
blocks and other waste pieces of wood). 

For more permanent stacking a convenient method is 
shown in Plate XV, fig. 3. The stacks formed in this way 
take up comparatively little room, while the logs can be with¬ 
drawn singly without breaking up the stack; there is also a 
free circulation of air round the timber. This method of 
stacking is as follows The lowest tier consists of the largest 
and heaviest logs, placed parallel to each other with "the 
thick ends all pointing one w^ay ; the log should be raised 
Rt least a foot off the ground by skidding or billets of wobd 
The next tier is laid over these, the logs lying at right angles* 
to those of the lowest tier ; the third tier is placed similarly 
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sec oud, the logs lying in the same direction as those 
t e lowest tier, but with their thick ends pointing in the 
opposite direction, and so on for all the tiers in turn. The 
ogs or each tier should be separated from those of the tier 
leiow and above them by a few inches of skidding. To 
remove any single log from the stack the skidding is removed 
and the log is pulled out, 

2. Stacking Sawn Material. 

. J n t]ie case . of thick scantlings the stacking may lie done 
m the manner just described for round timber, except that 
skidding between the various tiers is not necessary unless 
individual pieces are required from inside the stack • the 
lowest tier, however, should be well raised off the ground and 
placed on a perfectly level site, otherwise the scantlino- will 
become crooked in seasoning. An inch or W S 
S 10 V,i d . be between the scantlings in each tier. s l jacc 

r rarair “* 

ra thftoJoT^hf 5 ° r 0ther wei » hts should be placed 
the op of the stack to prevent warping When thev 

^, SeaSOned they s,10uld he stacked like 

There should be no delay in stacking sawn material after 
uustacked 810 "’ ” “ 13 ^ toble to and split if left 
3. Stacking Poles and Posts. 

1 oles should be stacked horizontal! v i, ,... 

between t wo pairs of upright stakes, the thick feds S § the 

po es pointing towards the road or side from which hey are 

to be removed afterwards: they may be conveniently arranged 

m rows often each, by placing a thin straight stick between 
eachrowoften poles near the thick ends (vide Plate XV, 

£ nl-H, HiSTT b< Tl y may be placed on the 

W Wt h f t k t0 s , tral ghten the poles. If the stacks are to 
nc left for some time a layer of skidding or a number of 
cross-pieces should be placed underneath them 

™ • \ Indla P oles are often stacked vertically bv leanino. 
Me to s a i1 t f theiiaiCk , ellds 011 the ground: they 
taeko« in i. ' ed fr ° m SUn ancl rain - Bamboos may also be 

ta ki :° f m<! W ? y as P oles > a common method of 
sracKing them being shown in Plate XVI, fig. * 1 . Short 





Photo, by Baati Ram, 


1. Stacking of Bamboos. Lansdowne Forest Division U P. 



Photo.-Mcohl. Dopt., Thomaaoo College, Roorkee. 

2. Fuel stacks in Changamanga Depo' 


Punjab. 
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posts may be stacked like poles or like fuel billets, the stack¬ 
ing of which will be described next. 

4. Slacking Fuel. 

In stacking fuel the chief points to be kept in mind are 
correct dimensions of stacks, close stacking, sufficiency of 
air-space between the stacks, and stability of the stacks. 
Damp places should be avoided, but if they are unavoidable 
the stack should be raised oil the ground, as shown in Plate 
XV, fig. 6. 

To ensure stability to the stack two pairs of upright 
stakes are driven into the ground at the same distance aj)art 
as the length of the stack; these may be further supported 
by struts or by withes passed round the stakes and between 
the billets during stacking, as shown in Plate XY, fig. 6. 
Stability may also be attained by placing a certain number 
of the billets at the end of the stack longitudinally, as in 
Plate XV, fig. 7. The stacking should be done as closely 
os possible, all gajis being carefully filled up. 

The dimensions of a stack should be such that its contents 
can be quickly estimated. Thus if the billets are two feet in 
length a convenient height would be five feet, this giving 
an area of 10 square feet for the end of the stack, so that if a 
large number of stacks of different lengths have to be 
measured the total length multiplied by 10 gives at once 
the total volume of the stacks. The height and breadth of 
the stack should always be kept constant. In stacking, 
allowance is sometimes made for shrinkage during drying by 
making ike stack slightly higher than necessary at the time 
of stacking. Where large quantities of fuel are to be stacked 
in a limited space, the stacks should form long continuous 
lines, each pair of lines being separated from the next pair 
by a space wide enough to enable a man to walk between the 
stacks. This system is shown in Plate XVI, fig. 2, w r hich 
shows the . arrangement of stacks in the Changa Manga 
dep6t, Punjab, which often contains over a million stacked 
cubic feet of firewood ; in this depot 2" is allowed for 
shrinkage in the height of the stacks. 
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CHAPTER IV. 

Wood Depots. 

1. General . 

. are places where wood or other forest produce 

is stored until it is time for its disposal. Although in some 
parts of India depots for the sale of minor forest produce 
exist, the most important dcp6ts are for timber or fuel. 1 Depots 

ThJ fn ? ° lassed hvoa <lly mto forest depbts and sale depots 
Iho foimer are usually of a more or less temporary nature 
and are intended chiefly for the collection and checking of 
produce prior to its despatch from the forest. Sale depbts 
are of a more permanent nature, and are usually situated 
n some central place where intending purchasers can 
conveniently inspect the produce for sale. ° Sale depbts, from 
their position, are divided into land and water depdts. In 
some parts of India tlio distinction can hardly he drawn, as 
timber depots arc often situated on land which is flooded 

turmg the ramy season and dry during the remainder of the 
year. 

2. Land Depots. 

In selecting a site for any land dep6t care should be taken 
to provide for convenient ingress and egress : the depot land 
when selected and acquired should bo demarcated by 
conspicuous and permanent marks, otherwise encroachment 
from outside is liable to occur. 

to det^fnvn r f 0 o d “p e t( 5 b ° consists of fuel or timber liable 

that tw * i lf v U ,J , C 1 Ct f 110 ? erl0dic wetting, it is essential 
imm£L g w, sh ° Ul, i b ° wdl drained and not liable to 
nTiSrt, W ^ 6re ’ mT'I. the timber t0 be stored will 
TnT l JtT gb fl °? dlll S. land subject to inundation 

renders tri ly u . nsi ! 1 . taWo ’. 1 thou S h it is objectionable if it 

the area ilmnlfi nm r M n ,° f l0 + gS difflcult: hence 011 ™cli land 
paths dl i K CC lnt i scctioM separated by raised 

L 0 f’i“ r,; lt lllt ending purchasers can obtain access to any 
,ot of logs from one of the raised footpaths. This system is 
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followed in the large Government teak timber depot at Ban- 
goon, a land depot which is partially inundated for several 
months in the year. 

In depdts intended for scantlings or fuel it is often neces¬ 
sary to erect sheds for the protection of the material; in this 
case great attention should be paid to close stacking and 
economy of space. Sheds are also necessary for valuable 
material such as sandalwood, for charcoal, and for most kinds 
of minor produce. Dep6ts for all such small material, which 
can he easily removed, should he provided with a high fence 
and a gate which can he locked at night. 


3. Water Depots. 


Water depots may he established in a river, in still water, 
or on the sea-shore. Biver depdts are always attended with 
some risk owing to sudden rises due to floods, and are there¬ 
fore unsuitable for long storage of timber. A jdace should 
he selected where the current is slack, a backwater for choice, 
and the logs should be enclosed by a boom, usually formed of 
logs chained together end to end. The bank should be stable, 
so that stout posts may be fixed at intervals for the mooring 
of lafts 01 smaller lots ol. timber, while specially firm posts 
or trees are required for fixing the boom. 

Depots in still water may be either natural lakes or ponds, 
or may be artificially constructed, the water heW ndndttmi 



4. Management of Depots. 
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duty it is tOjprevcnt theft or loss from any cause. All loss or 
scantlings brought into the depot should be measured and 
numbered, their numbers, measurement, and description being 
entered in detail in a register of receipts. The numbering can 
ie conveniently done by means of punches or numbering 
Hammers; it is sometimes customary to stamp a special 
mark at either side of the number to prevent any figure being 
added. Where the serial numbers are commenced afresh each 
year, the year should also bo marked to prevent confusion. 
Ihe logs or scantlings on reaching the depot are separated 
into various size and quality classes and divided into conveni¬ 
ent lots for sale. The number of logs in each lot will depend 
largely on local circumstances, but where small dealers have 
. *° compete against more wealthy traders it is advisable not to 
have the sale lots too large, otherwise the small dealers cannot 
afford to compete, lhe procedure with regard to firewood is 
somewhat similar, the firewood being separated according to 
size and quality and stacked in separate stacks, each of which 
lias its own number. Where numbers are stamped on timber 
or other produce with punches or hammers, it is advisable 
also to pamt on the numbers conspicuously, so that they may 
be readily seen. The numbers of the depot lots and symbols 
nmrk^f’ cr size classes should also be conspicuously 

When timber is sold at a depot and the price has been 
realized the timber should be marked with the sale hammer, 
and the particulars of such timber should he entered in a sale 
register. Details of timber or other produce disposed of in 
any way should be entered m a register of receipts and issues, 
in the column of disposals or issues, which should a<n-cc with 
the column of receipts in the register. In some cashes, parti- 
cularly in the case of fuel and sandalwood, it will often he 
found that the volume or weight of a certain lot disposed of 
will he less than it was when it was received in the depot, 
tins loss being due to shrinkage or loss of weight in drying. 

n such a case the loss is written off in the column of disposal 
as wastage by shrinking or drying, so that the total disposed 
oi will agree with that received in the depot. The depot 
registers should be balanced at least once a month, and should 

7p iee 1 t ,ie cash accounts and with the hills issued during 
tliu liionph lor produce disposed ol ? . ® 

Gomplt te stock oi (he depot should be taken periodically, 
al and toemible 

^ to lie chucked at frequent iuUu-vuis, a “section 
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system ” is in operation in some of the fuel dep6ts of the 
Madras Presidency. The depot is divided into three sections, 
which we may call A, B, and C, for each of which a separate 
set of registers is kejit. The quantity of fuel received in any 
one section is approximately enough to meet one month’s 
demand. Sales are allowed only in one section at a time, so 
that when sales are going on in section A, section B is full, 
and section C is receiving fuel from the forest. As soon as 
a section is emptied its accounts are closed. 

In the case of fuel, bamboos, poles or other produce 
required for daily consumption in small quantities, sales by 
fixed rates are the usual rule : in such cases the tariff rates 
should be clearly marked up on a hoard in the depot. 
Receipts for produce purchased should he of a prescribed 
form, and should he serially numbered : manuscript receipts 
on odd pieces of paper should never he allowed. 

When a sale takes place at a dep6t the purchaser should 
he required to remove the produce purchased within a reason¬ 
able time, failing which demurrage should he charged. 
Unless such rules are enforced the depot is likely to become 
a storing-ground for the timber of miscellaneous persons ; 
such timber not only occupies space, hut is liable to cause 
confusion. One of the most important points in dep6t 
management is to arrange the timber in proper order, and in 
such a way that any log or lot of logs can he removed 
without displacing other logs. There is nothing more con¬ 
fusing than a depot in which the logs are thrown down in 
heaps without any attempt at arrangement; in such a case 
tire stock can never he properly checked, nor can loss he 
discovered until it is too late. 
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PART II. 

UTILIZATION OF MINOR FOREST PRODUCE. 

Under minor forest produce is included all kinds of 
forest produce other than timber and firewood; it comprises 
animal, vegetable, and mineral products, and is therefore 
very varied in kind as well as in value. 

We may conveniently deal with the principal classes 
of minor produce under the following heads :— 

I.— Grass. 

II .—Leaves used for fodder, litter and manure . 

III .—Fibres and Jlosses. 

IV.— Oil seeds. 

V.— Tans and dyes. 

VI .—Distillation products and extracts . 

VII.— Gums, resins , and oleo-resks. 

VIII *—Indiantbber and gutta-percha. 

IX. Drug8, spices , and fisli-poisons. 

X .—Edible products. 

XI .-Materials used for basket-work and matting. 

XU* Minor products ztsed in the manufacture of paper 

XIII. —Miscellaneous minor products of vegetable origin 

XI V. —Animal products, including hunting, fishing and 

elep h an Uca tching. 

XV.— Mineral products . 
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CHAPTER I. 
Grass. 


. -^ ie 'utilization of grass is, when considered from the 
point of view of grazing and fodder, one of the most 
important factors in maintaining the agricultural prosperity 
of India, and therefore merits careful study, more especially 
as its utilization may, under certain conditions, he very 
harmful to the forest itself. We may conveniently consider 
the subject under the heads of (1) grazing, (2) cut fodder, 
(3) fibre-yielding and thatching grasses, and (4) grasses 
tram which oils are distilled. 


Section I.—Grazing. 

1. Dangers arising from Forest Grazing. 

Although forest grazing under ordinary circumstances is 
most injurious to the "welfare of the forest, still it is in 
most parts of India so closely connected with the agricultural 
customs of the country that it has to he submitted to, often 
to the detriment of successful forest management. The chief 
dangers arising from forest grazing may be summed up as 
follows :— (1) Young seedlings become crushed and trampled, 
while the soil in many cases becomes hardened by the tread' 
of the grazing animals ; on steep slopes the earth becomes 
loosened and dislodged; (2) seedlings and saplings are 
browsed down ; this is particularly the case towards the end 
of the dry season when the young plants have sent out their 
first flush of new leaves, while the grass is still dry and 
uneatable; (3) the removal of grass and other herbaceous 
vegetation exposes the soil and removes manurial matter; 
the removal of the latter, however, is to some extent 
compensated for by the manure afforded by the animals. 

2. Advantages of Forest Grazing. 

Although the disadvantages of forest grazing far 
outweigh its advantages, still there are exceptional eircum. 
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stances under whicli a certain amount of controlled grazing 
may even be beneficial. Thus grazing tends to keep down 
rank grass and undergrowth; this lessens the clanger from 
fire, and may even assist in freeing seedlings which would 
otherwise be suppressed. 

Good results may also follow the wounding of the soil 
which accompanies grazing; this is particularly the case 
in coniferous forests where the thick layer of needles on 
the ground sometimes retards reproduction until the soil is 
wounded by the feet of grazing animals. In the teak forests 
of Burma grazing by elephants may do a great deal of 
good in breaking clown bamboos and promoting the natural 
regeneration of teak. 

3. Factors on which the Amount of Damage hy Grazing 

depends. 

Although grazing and browsing are not strictly speak¬ 
ing the same, it is convenient to include the two together, 
and in common parlance grazing often includes browsing. 
Where* the context below indicates it, therefore, grazing 
may be taken to include browsing. The damage caused by 
grazing and browsing varies greatly under different condi¬ 
tions ; the chief factors which influence the extent of 
damage are as follows :— 

(1) Kind of Cattle. 

The most destructive of all animals are camels and goats. 
Camels nibble off the top shoots of young trees, and owing 
to their height and long reach are capable of doing great 
damage by browsing. . Camel grazing is often much aggra- 
\ ated by tlie fact that it takes place in poor desert forest where 
the damage done is considerably greater than in well-stocked 
forest. Goats are destructive mainly owing to their habit of 
eating almost everything that comes in their way, bendino- s 
down saplings in order to reach the tender shoots. Goat 
grazing is prohibited by law in most European countries, 
and where rights to goat grazing exist in India they should 
if possible b6 commuted. Sheep are less destructive than 
goats, as they prefer grass, and will not eat anything else 
unless the grass is very coarse and dry. Buffaloes may do 
considerable damage by crushing young growth, owing to 
their weight and size, while on steep slopes they are apt to 
lay bare the roots of trees by trampling the ground. In the 
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plains and low hills, provided there are sufficient water¬ 
courses with grass and other vegetation on either side, the 
damage done to the forest may not he great, as tlie buffaloes 
prefer to remain near the streams. Cows and bullocks are, 
tor their size, probably the least harmful of all stock, as they 
prefer grass if they can get it; owing, however, to their 
immense numbers, they are the source of the great bulk of 
damage done by grazing in India. Elephants do damage 
by breaking down poles and saplings, plantations in parti¬ 
cular suffering from their ravages. In bamboo forest 
elephants may do great damage by breaking down the 
bamboos where these are of value. Other animals are not 
sufficiently abundant to take into account. 

(2) Season or Grazing. 

The season during which grazing is most required by 
the agriculturist depends on local circumstances. In many 
parts of the country the dry season is the season of forest 
grazing, owing to the scarcity of fodder ; in many rice-grow¬ 
ing districts forest grazing is required in the rains, as the 
cattle cannot be admitted into the fields while the growing 
crops are on the ground. The extent of damage done during 
each season depends on circumstances: thus in forests which 
are maintained for the production of bamboos, grazing dur¬ 
ing the rains, at the time when the new shoots appear, 
should be prohibited. Grazing does most harm towards the 
end of the dry season, when the grass is all dried up and is 
uneatable, while the seedlings and saplings of forest trees, 
which have sent out a new flush of leaves, are greedily 
attacked : this danger is not to be feared so much after the 
rains have started and there is an abundance of green grass. 
Grazing in the dry season often leads to danger from fire, 
and it may therefore be necessary to close forest to grazing 
throughout the fire season. 

(3) The Number or Caitle per Acre. 

The greater the number of cattle admitted per acre, the 
greater will be the damage done to the forest, arid it is there¬ 
fore advisable to fix the maximum number of animals which 
may he allowed to graze over a given area. In this connec¬ 
tion general figures are quite misleading, as the number of 
animals admitted must depend entirely on the type of forest, 
the period during which the forest is open to grazing, and 
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on local conditions generally; such figures can only be 
arrived at by observing the effect of grazing a certain num¬ 
ber of animals over a given area and fixingthe number 
according to the degree of protection wluch it is necessary 
to afford to the forest. In some districts the area allotted is 
4 an acre per head of cattle, but this is incompatible with 
the safety of the forest. In Germany it is estimated that 
one cow requires 3 acres, a draught bullock 3f acres, a horse 
4i£ acres, and a sheep ^ of an acre. 

The Darjeeling rules of 1885 fixed the minimum area 
at 5 acres per head of cattle. In Rawalpindi the number 
of bovine animals, ponies, and mules allowed is 16, and of 
sheep and goats 3*2 per acre, while in Ajmer-Merwara one 
head of cattle is allowed per acre where the forests are open 
to grazing for only 4 months in the year. In the Deccan 
one head per acre is the usual allowance. 


4. Regulation of Grazing . 

In order to minimize the injurious effects of grazing it 
is necessary to regulate it carefully; the chief measures to 
be taken are the following :— 

(1) Coupes under regeneration should he closed to 

grazing long enough to allow the young plants 
to grow up out of reach of animals. In selection 
forests and other forests where the regeneration 
period is not limited, it is necessary to close 
certain areas in rotation. In every case the 
closed areas should bo clearly marked off 
on the ground by means of pillars, boards, or 
other marks. 

(2) Tlie forest should not as a rule be kept open to 

grazing during the whole year, but should be 
closed for a certain number of months, the period 
of closing being that when the forest is most liable 
to suffer from grazing. In the Punjab it was 
found many years ago that areas closed to grazing 
for 9 months in tlie year brought higher returns 
than those kept open throughout the year. 

Fencing is the safest method of closing areas of forest, 
though it is somewhat expensive. Ditches and 
live hedges, or temporary thorny fences, may also 
be employed, though they are more liable to be 
broken through than wire fences, 
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(3) There should he a responsible herdsman in charge 
of the cattle, and he should not have more cattle 
under his charge than he can look after ; he 
should drive the cattle from place to place, and 
not keep them grazing too much in one part of 
the forest. In Bombay each grazier has to wear 
on his arm a numbered brass plate, showing he 
has authority to graze. 

(4) The cattle should be provided with bells, so that 

straying animals may be detected. 

(5) The number of cattle per acre should be limited 

so that the forest may not be over-grazed. The 
issue of brass number tablets to be fixed round 
the necks of the animals is a useful means of 
checking the numbers. 

(6) In order to limit the extent of grazing, as well as 

to compensate for damage done and to produce 
revenue, grazing fees should be levied. These 
fees are usually fixed on a lower scale for local 
villages than tor villages situated at a distance 
from the forest and for the cattle of professional 
graziers w r ho visit the forests only at certain times 
of the year. The fees may be collected by permits, 
or an estimate of the number of cattle in each 
village concerned may be made periodically and 
fees levied in lump sums ; the latter system is 
simple, and is perhaps the least oppressive system, 
but it has the drawback that correct figures as to 
the number of cattle are not easily obtained, 

0) In the ease of cattle brought from a distance', it is 
often necessary to have enclosures for penning up 
the animals at night; this does not apply to cattle 
which can be driven back to their villages each 
evening. 

Section II.— -Out Fodder. 


1. Grass-Cutting. 

tlio case of grazing, the cutting of grass removes 
I* , ai, ! ount of mammal matter from tlic ground, and 

however ’a, r»Tf y T S - f shelter 5 its benefits. 

in K,t,M " °^ W,gh l1s ( 1 ! sadvai dagos, particularly 

- ■ - from suppression where they are unaldo 
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to rise above tbe grass, and in diminishing the danger of 
fire. So beneficial is grass-cutting as compared with grazing, 
that wherever the former can be substituted for the latter 
it should be done. In permitting' grass-cutting in the forest 
the use of scythes should be prohibited owing to the risk 
of cutting down young seedlings : if the cutting is done with 
a sickle, and if the grass-cutters exercise ordinary care, the 
risk of cutting seedlings is small. The quantity and quality 
of grass can be greatly improved by ploughing, frequently 
manuring the surface of the land, and weeding out coarse 
varieties of grass and other vegetation ; by systematic treat¬ 
ment of this kind the Government grass farms at Allahabad 
and elsewhere are capable of producing as many as 5 or 6 
crops per annum, where originally the land was almost 
barren. 

For immediate requirements, and where the grass is to 
be used in the neighbourhood of the forest, green fodder 
can be utilized, but where it has to be removed to a distance 
or stored for future use, it must first be converted into bay 
or silage. 

2. Hay. 

Grass intended for hay should be cut immediately after 
it flowers ; if cut after fruiting the grass is harder, more 
fibrous, and less nourishing, as much of its food material 
has been used up to form the seed. The grass should be 
cut in dry weather ; as soon as it is cut it should be spread 
out to dry, and on the approach of evening it should be 
collected into heaps to keep tho dew from it. Next day it 
is spread out again in the sun and tossed up with wooden 
forks ; if sufficiently dry it should then be carted away and 
stacked, otherwise it should again be collected into* heaps 
for the night and similarly dried and tossed up next day. 
Hay is about \ the weight of the grass from which it Is 
made; it should be greenish in colour, and should have the 
characteristic scent of fresh hay, without any trace of mouldi- 
ness. Hay should be built up in stacks, either circular 
with a conical roof, or shaped like a house with a 
pent roof ; the eaves should project further out than 
the base, and the roof should be thatched. AY here 
damp or white-ants are to be feared the site of the stack 
may be first prepared by digging a trench round it, throw¬ 
ing the earth into the middle, and giving the site a slight 
slo pe up to the contre ; a layer of cinders di to 6 inches deep 
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is then laid on the earth, and the stack is built up on the top 
of this, the eaves projecting over the trench. To keep the 
stack off the ground with a view to protecting it from damp 
it is often customary to build it on a foundation of large 
stones, or on a wooden skeleton platform raised a foot or two 
off the ground. In order to reduce its bulk for transport, 
hay may be pressed in special presses worked either by hand 
or by machinery : information on hay pressing will be found 
in Part IV, Chapter IX. 

8. Ensilage. 

Ensilage is a method of storing green fodder in an 
air-tight place, under pressure ; the most convenient method 
is to store the fodder in pits dug in the ground, these' pits 
being known as silos. The success of this method of storing 
green fodder has been proved by many experiments in 
different parts of India : it has many advantages, not the 
least of which is that it may be made during the rains, for 
the fodder may be thrown into the pits quite wet/ In 
making silage two precautions must be observed, first, the 
pit should be kept perfectly air-tight, and, second, there 
should be a certain amount of pressure on the pit ; if these 
conditions are fulfilled the manufacture of silage is an easy 
matter. The fodder employed may be of almost any kind, 
the coarsest and rankest grass being converted into tender 
succulent fodder in the process ; a mixture of different kinds 
of fodder may also be ensilaged in the same pit. The process 
of ensilage depends on the fact that green fodder when 
stored in an air-tight place undergoes chemical change by 
fermentation. ' ° J 

Silos are rectangular pits varying in dimensions, a useful 
size being depth 8 feet, measurement at the surface 26 feet 
by 9 feet and at the base 24 feet by 7 feet, the sides thus 
sloping slightly : the pits should be dug in stiff soil so that 
air may be excluded. The fodder itself, if very coarse, should 
be cut into moderately short pieces to ensure close packing. 
When the pit is filled to the top all the earth dug out of it 
should be spread over the fodder and rammed tight down : 
the contents of the pit sink for several days afterwards, and 
the covering should be examined frequently, all cracks being 
closed up. Sometimes matting is placed over the fodder 
before the earth is heaped on, but this is not essential. 
Permanent silo pits may be constructed with masonry or 
wooden sides, but the ordinary pit is quite sufficient and 
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is cheaper. The pit is ready for opening from 3 to 0 months 
after being filled, but may be kept closed for several months 
longer : the contents of the pit should be used quickly after 
being taken out. Silage is usually greenish-yellow, or 
greenish-brown in colour, and has a peculiar odour; it is 
sometimes objected to by cattle at first, but they usually get 
over the dislike, while in many cases they devour the fodder 
greedily from the first. 

Over-ground silos may be constructed of masonry or of 
wood. Experiments at Pusa have shown that a cheap over¬ 
ground silo made of bamboo-work plastered over both inside 
and outside with mud can be made at a cost varying from 
R150 to R200. Such a silo is circular in plan, being 24 
feet high by 18 feet in diameter, and is covered witli a light 
thatched roof. Eor loading and unloading purposes it is 
provided at intervals of 0 feet up the sides with windows 
3 feet by 2 feet, which can be closed tight. 


Section III.— Eibre-yielding and Thatching 
Grasses. 

None of tbc Indian grasses supply fine textile fibres, but 
a few of them are suitable for cordage and matting. The 
two most important grasses in this respect arc the Maher, 
bciih, or sabai (Ischcemum angustifolium), and the munj 
(Saccharum Moonja). The former grows plentifully on 
the bare slopes of the outer Himalayas, as well as in parts 
of Bengal and in the Peninsula ; it is largely used for rough 
ropes and for mats, long-fibred bhaber grass being preferred. 
There is an extensive manufacture of bhaber mats at 
Sbahjehanpur in the United Provinces, these being known 
as “ Shalijehan pur matting.” 

The munj grows along river-beds and other low-lving 
places : the fibre is obtained from the long sheaths which 
envelope the stems, and is used for rope-making and for 
the manufacture of the durable matting known as munj- 
matting. The stems are used for basket-work, large verandah- 
chicks, the ceilings of verandahs, and similar purposes. 

The khiis-khus grass (Vetiveria zizanioides, syn. 
Andvopocjon muricatus) yields from its roots a fibre which is 
made into aromatic scented mats hung over doors and 
windows and kept wet to afford coolness in the hot weather. 
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The fibrous stems and leaves of tlic “ elephant-grass ” 
(Typha elephantina) are used for ropes, baskets, and matting. 

Grass for fibre or thatch should be cut when quite ripe, 
as it is then most fibrous ; it should not, however, be left 
uncut for long after it has ripened, as it is liable to 
deteriorate by rotting. The grass should be cut regularly 
every year, as it falls off in quantity and quality if left 
uncut. 

One of the most important uses of the more fibrous grasses 
is that of thatching, for which various species are used, the 
chief of which are Imperata arnndinacea (syn. T. cylindrica ), 
Sac char ttm Narenga, Erianthus liavennce , and Ileteropogon 
( Andropogon) contortus (spear-grass). 


Section IV.— Grasses prom which Oils are 

DISTILLED. 


The chief scented grasses of India belong to the genus 
CJymhopogon , the most important species being C. Martini 
(syn* Andropogon Martini ), the rusa-oil grass or geranium 
grass. This grass grows wild in Central India, the United 
Provinces, and the Punjab. The scented rusa-oil is obtained 
by distilling the grass with water, and is used in perfumery 
and soap-making, much of it being exported to Europe: 
it is also largely used to adulterate attar of roses, while 
internally it is used as a tonic and in cases of fever. 
Commercial rusa-oil is apt to be adulterated with oil of 
turpenine or linseed and other oils. 

The lemon-grass oil of commerce, used in perfumery and 
soap-making, is obtained from the lemon-grass (Cy mb op agon 
citratus , syn. Andropogon Schoenanthus , Linn.) by distilla¬ 
tion with a small quantity of water. The citronella grass 
(Cymhopogon Nardus , syn. Andropogon Nardus) also yields 
a scented oil, known as oil of citronella , whose manufacture 
and uses are similar to those of 0. citratus . 

Details regarding the distillation of oil from oil-grasses 
will be found on pages 270 and 27L 


CHAPTER II. 


Leaves used for Fodder, Litter, and Manure. 

Section I.—Leaves for Fodder. 


The custom of lopping trees for fodder is a common one 
in India, the best fodder leaves being those which are still 
young and tender. The practice is an extremely harmful 
one, as it not only damages the trees and produces a gnarled 
branch-system, but also deprives them of nourishment, 
removes a considerable proportion of their assimilative 
organs, and robs the soil of what would eventually become 
manurial matter in the shape of dead leaves; moreover the 
timber of habitually lopped trees is liable to be misshapen 
and unsound. In spite of its bad effects, lopping has to be 
tolerated in many cases owing to the existence of rights to 
practise it; in such cases wherever the lopping is extensively 
and regularly done measures should be taken to regulate 
it in such a way that the least possible damage is done to 
the forest. The following are the principal measures which 
may be taken :— 


(1) The upper branches of the trees should be left 
intact for 5 to 10 feet, only the side branches 
being cut; these should be cut with a smooth 
clean section, and flush with the stem. (9) 
Lopping should not be allowed over the whole 
orest annually; the forest should be divided into 
docks which should be opened in a regular rota¬ 
tion ot two or more years. (3) Lapping should 
be confined if possible to inferior species, the 
more valuable trees being left intact • if 
this is done the lopping may in certain cases 
even be beneficial to the forest. (4) Loup in «■ 
should not be carried out on ridges and exposed 
s opes where as much leaf covering as possible 
should be maintained. ,0) AdvanStj.^bS b e 
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alen of fellings, cleanings, and thinnings to 
obtain as much fodder as possible by lopping the 
branches of the newly-felled trees: coppice 
coupes in particular can in this way be made to 
supply a large amount of green fodder. 

• ^ ie nur &ber of different species lopped for fodder in India 

§ ie at: the following are a few of the commoner 
species used 


Acacia arabica , A. modesta, Acer cultratum, Adina 
cor difolia, JEgle Marmelos, Jhsculus indica, 
Artocarpus Lalzooclia, Bauhinia spp., B etui a, 
utilis, Bridelia retusa, Butea frondosa (for 
buffaloes ; not eaten by goats or camels), Cassia 
Fistula, Cedrela serrata, Celtis australis, 
Balbergia latifolia, JErythrina spp. (for 
buffaloes), Ficus spp. (many give good elephant 
fodder), Flacourtia Bamontclii , G a rug a pin- 
nata (good elephant fodder), Greioia spp., 
Uardicickia linata (an excellent fodder, good 
for horses), Holoptelea ( TJhmis) integrifolia, 
Melia indica (chiefly for goats and camels), 
Millet Ha auriculata (chiefly for buffaloes), 
Mo ring a pterygosperma (chiefly for camels), 
Morns serrata , Odina Wodier (good elephant 
fodder), OTea ferruginea, Ougeinia dalbcr- 
gioides,Fopulus spp., Frunits Fadus,Fterocarp - 
2 cs Marsupium, Fterospermum acerfolium, 
Futranjiva lloxburghii , Quercus spp., Salix 
spp., Schleicher a trijnga, Shorea robusta (for 
buffaloes ; lopping now forbidden in Govern¬ 
ment forests), Spondias mangifera, Sterculia 
color a ta, Streblns asper, Terminalia belerica, 
T. tomentosa, Ulmus Wallicliiana (planted 
near hill villages for fodder), Zizyplius spp. 


Section II.— Leaves eo r Litter and Manure. 

The custom of lopping branches of trees for litter and 
niamuv ls pract |, e( j iu various parts of India ; the twigs and 
; vos arc either dug or ploughed into the soil in a fresh state, 
! ^ m order to enrich the soil with ashes. A large 
1 )Cr 01 Afferent species of trees, shrubs, and other plants 
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are employed for furnishing manure, those with milky juice 
being often preferred for green manure. In the Himalayas 
conifers as well as broad-leaved species are lojyped for litter 
and manure, but in Government forests the lopping of valu¬ 
able species is prohibited wherever possible. In Bombay 
the lopping of branches is largely carried out for rdb culti¬ 
vation, that is, the manuring of rice nurseries by burning on 
the surface of the soil a mixture of cowdung, leaves and 
branches of trees, straw, grass, and pulverised earth; this 
special form of rich manuring is carried out owing'to the 
absence of early rains and the occurrence of a short but 
heavy rainy season, circumstances which make it necessary 
to sow the rice late and to force the plants as much as 
possible while the rain lasts. 

\V here lopping has to be tolerated it should be regulated 
m the manner described in the last section. 

In some localities, particularly in 1 lie Himalayas, leaves 
are collected off the ground for litter, that is, bedding for 
cattle. The best litter is yielded by the needles of pines, 
which are fibrous and absorbent; the needles of other coni¬ 
fers. and the leaves of certain broad-leaved species, especiallv 
oaks and rhododendron, are also used. In Bombay Casu- 
arvna needles are prized for litter, and are systematically 
collected. The removal of dead leaves and needles is mos‘t 
injurious to the forest, as it deprives the soil of its natural 
manure : experiments in Europe have shown that where 
dead leaves are annually removed from the ground for several 

th ° lossof iuerement in the trees may 
amount to over o() per cent, on poor-soils, the loss being less 
inf 1 °" ncl1 soils ancl where the leaves are removed ai 
intervals ot a tew years instead of every year The practice 
01 removing dead leaves is one which should be prohibited 
wherever possible, but where it has to be allowed it should 
be regulated in the following way : (1) it should not be 
allowed on poor soils, exposed ridges and slopes, or in open 
forest, but should be confined to rich soils where the leaf- 
canopy is more or less complete ; (2) it should not be allowed 
m the same place every year, but only in certain blocks 
opened in rotation ; (3) it should be allowed only during the 
hrst half of the season of l<kif-fall, so that part of the year’s 
su PPty may remain on the ground; (1) advantage 
should be taken of roads, paths, fire-lines, beds of streams, 
ari( t similar places from which leaves may be removed with¬ 
out damage to the forest. 
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CHAPTER III. 

Fibres and Flosses. 

In this chapter fibrous grasses are not included, having 
been already dealt -with in Chapter I. 

Section I.— Fiee.es ehom Stems. 

Fibres of sorts are yielded by the liber (so-called inner 
bark) of all woody species, several yielding fibres strong 
enough to be twisted into rope, but few giving fibres fine 
and strong enough for textile purposes. The methods of 
extracting the fibre vary considerably with different species, 
and experience alone can determine how it should best be 
done: the process of separating the fibres is technically 
known as f - retting.” The living bark alone should be used, 
and not the outer dead bark. Some barks require to be 
soaked in water for a time, and then beaten or scraped clean, 
but the fibres of others, for example those of Calotropis 
gigantea , are damaged by immersion in water, and require 
to be; separated without previous soaking. 

By far the majority of lib re-yielding woody plants belong 
to one or other of the natural orders Malvaceae Sterculiucece , 
Tiliaceee, Legiminosoe , Aselepiadaceoe , and Urticacece. 

Among the Malvaceae may he mentioned Thespesia 
popul/ect) T, Lampas , Kydia ealyema Hibiscus spp., 
Abutilon spp , Sida spp., JJrem lobata and Adansonia spp. 

The Stvrculiaeece include some good fibre plants, notably 
Sterculia ureas , villosci , /S'. color a ta, and Ilelicteres Isora , 
yielding strong cordage fibres, and Abroma augusta , a shrub 
with fine silky fibre ilke hemp. 

the chief fibre-yielding plants of the order Tilia&ece 
which -are of forest importance belong to the genus Gretcia , 
most of the species of which give strong fibres suitable for 
cordage oi^ vopp-making. In the North-West Himalayas the 
fibre ol Greioia opposet{folia is much used ; the branches are 
cut from July till March (that is, at all seasons except in 
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spring), and are then soaked for one month to 40 days in 
water, after which they arc dried and beaten on stones, the 
bark being then stripped off and the fibres separated out. 

The jute of commerce is obtained from two species of 
Cor chorus (<?. capsularis and C . olitorius , order Tilictceoc ) ; 
it is largely cultivated in India, and the fibre is separated by 
soaking in water. 

Several of the Leguminosoc give strong fibres, suitable 
for rope or rough cordage, for example Bauhinia raceniosa 3 
B. Vahlii , Acacia leucophlcea , Ougeinia dalbergioides , 
Desmodium tilioefoliu7n 3 Spatholobus Boxburghii , Butea 
frondosa ,' Sesbania spp., and the branches of Hardwickia 
binata, which is frequently pollarded to produce shoots which 
will yield suitable fibre. The “ sunn-hemp ” is obtained 
from Crotolaria juticea, a leguminous plant much cultivated 
in the plains of India; the fibre is separated by soaking for 
a day or two in water, and then washing well. 

The chief fibre-yielding plants among the Asclepiadacece 
are Calotropis gigantea , C. procera , common in alluvial 
sandy beds of streams, Orthanthera viminea , a leafless plant 
common in the river-beds of the Siwaliks, sub-Himalayas, 
and elsewhere, and Marsdenia tenacissima , which yields a 
strong silky fibre known as “ rajmahal fibre ” obtained by 
cutting the stems into sections, splitting and drying them, 
steeping them in water for about an hour, and then scraping 
the fibres clean with the nails or with a stick. 

Among the TJrticacecc arc various fibre-yielding plants 
of importance, including two plants largely employed in 
paper-manufacture, Streblus asper and JJroussouet let 
papyrifera. The well-known “ Rhea” fibre or “ China- 
grass ” is obtained from Bcehmeria nwca , while the “ llamie” 

fibre is the product of J3. nioea var. ienacissima. A. jA'Ood 
Sax-like fibre is produced by Girardinict heterophylla know n 
as the “ Nilghiri nettle,” which in found in many parts of 
India. The hemp-fibre is obtained from Cannabis satiya , 
which is largely cultivated in India. Among species which 
yield fibres suitable for ropes and cordage . arc III j mis 
fBailiehiana 3 Tranct spp., Ficus spp., Antiavis toxicaria 3 
BiUebrunea spp., Delregeasia spp., and others. 

Among fibre plants which do not belong to any of the 
above natural orders may be mentioned Carey a arbor ea and 
Cordia Myxa> furnishing bast fibres suitable lor cordage, 
and Linuvn usibatissvmum- 3 the flax plant, from which linen 
is manufactured: this last, as well as some of the plants 
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mentioned above, are not of forest importance, but are 
nev erthelcss mentioned as examples of some of tlic better- 
known fibre plants. 


Section II.— Fibres and Elosses yielded by Eruits. 

The most important fibre-producing fruit is that of the 
cotton plant. Among forest trees and plants there are a 
few which produce silky fibres in their fruits ; these fibres arc 
commercially known as “ flosses ” or “silk-cottons,” and 
although they are usually too short to spin they are largely 
used for stuffing pillows. Among the best known flosses are 
those produced within the capsules of Cocblospermum Gossy- 
jnum , Bombax malabaricum , Eriodendvon anfractuosum, 
and Calotropis gigantea . The true “ kapok ” floss is yielded 
by Eriodendvon anfractuosum , and is exported from Java 
in considerable quantity : it is not .commercially exported 
from India, where the tree is planted chiefly for ornament. 
The well-known “ Coir” fibre, largely used for ropes, mats, 
and other purposes, is obtained from the thick fibrous rind 
of the cocoanut. 

Section III.— Eibres yielded by Leaves. 


Good cordage fibres are produced from tlic leaves of 
certain palms, for example Arcnga saccharifera and Car- 
yota urens (the “ kitul” fibre, obtained from the petioles 
ol f the leaves). The famous Manilla-hemp is the fibre 
obtained from the outer parts of the sheathing leaf-stalks of 
Musa textilis , a plantain indigenous in tlic Phillipines and 
cultivated in some parts of India. The “ Sisal ” fibre is 
yielded by the leaves of Agave sisalana , an Amerieau plant 
cultivated in India. Various other speoies of Agave yield 
fibres, known generally as “ aloe fibres ; ” the least import¬ 
ant of these, as a fibre-plant, is Agave americana , the plant 
s0 commonly cultivated for ornament in gardens and used 
ns a hedge plant. Pineapple leaves produce a fine strong 
oniv, said to be a possible substitute for flax. 
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CHAPTER IV. 

Oil Seeds. 

# 

Many seeds of forest trees produce oils of economic im¬ 
portance. The oil expressed from the seeds of Schleicher a 
trijuga is used locally for cooking and burning, and has 
been found suitable for soap-making. Oil extracted from 
the seeds of Bassia laiifolia is used for cooking and burning 
by jungle tribes, and is sold for soap-making. Bassia 
bitty racea is known as the “Indian butter* tree : ” an oil 
known as phultoa oil is obtained from the seeds by beating 
them to the consistence of cream and placing this in a cloth 
ba 0 *, on which a weight is laid until all the fat and oil is 
expressed; this oil is used as a substitute for and an 
adulterant of ghi . In the cold weather the oils of both these 
species of Bassia are solid. The fat of Bassia latifoiia and 
Bassia long (folia is to be found on the market both mixed 
and separately under the name of “ Illipe butter,” but this 
term is now so generally applied to all Indian fatty seeds 
that it has ceased to have any distinctive value. 

<< Chaulmugra oil,” which is obtained from the seeds of 
TaraHogenos Kwrzii , is used for leprosy and skin diseases, 
and is also taken internally as a tonic. “ Kokam butter ” is 
an oil obtained from the seeds of Garcinia inclica , and is 
used for food and as a medicine. The seeds of Mi/musops 
Blengi give an oil used in cooking, lighting, and in medicine. 
Those of Pongamia glabra give an oil used in medicine and 
also for lighting : it is a somewhat poor lighting oil, and is 
therefore usually mixed with sesamum or other oil for (lie 
purpose. Juglans regia gives a good oil from the kernel 
of its fruits. -V bitter acrid oil is obtained from the seeds 
of Melia indicct by boiling or by pressure, and is used 
medicinally ; it is sometimes used for burning, but smokes 
disagreeably. The seeds of Givotia rot tier [for mis , a tree of 
Southern India, give an oil valuable for lubricating fine 

machinery* Wax is obtained from the seeds of Mhus 
succedanea , the lacquer-tree of Japan, which is found in the 
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Himalayas : this wax is used for manufacturing candles in 
Japan, Another well-known wax-producing tree is Sapium 
sebiferwni, the Chinese tallow-tree, which is commonly 
planted in India ; the seeds are coated with a white wax, 
which is separated by boiling in water, and is used in China 
and^ Japan for candles. 

“ Sal butter ” is an oil obtained from the cotyledons of 
the seeds of Shorea robusta. The seed is husked and boiled, 
she oil being then skimmed off the top of the water : it is 
toll’d and white in the cold weather, and is used for cooking 
and lighting. Cocoanut oil, which is obtained from the 
kernel of the cocoanut-tree, is largely employed in the 
manufacture of soap and candles, as well as for many 
domestic purposes. The dried kernel, known as “ copra,” 
from which the oil is extracted, forms an important article 
of trade. 

The almond-oil of commerce is yielded by the kernels of 
Prnnus Amygdctlus ; a somewhat similar oil is obtained from 
those of the. apricot (Primus armeniaca ). The kernels of 
Primus eburnea , which is common in Baluchistan, have 
recently been reported by a chemical firm in England to be 
a possible source of an inferior oil of almonds. From the 
seeds of the common climber Celcistrus paniculata is expres¬ 
sed a red or yellow oil used medicinally and for burning in 
lamps : by destructive distillation along with certain spices 
it yields an oil known to pharmacy as “ oleum nigrum.” 
The seeds of Mesua ferreci are rich in a reddish-brown oil 
Used for burning and for applying to sores. 

Owing to their scattered nature and the consequent high 
cost of collection for commercial purposes on a large scale, 
the forest oil-seeds can seldom compete with oil-seeds pro¬ 
duced from field-crops, for example linseed, mustard, rape, 
cotton, sesamum and other crops. As a rule, therefore, their 
U{ *e is more of local than of general commercial importance. 
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CHAPTER V. 


Tans and Dyes. 


Section I — General. 


The name tannin is given to a class of organic substances 
which, have the property of combining with albumen and 
gelatine to form an insoluble compound which will resist 
decay; for this reason raw hides treated with tannin become 
converted into the substance known as leather. Another 
property of tannic acid is to turn iron salts black ; this pro¬ 
perty is made use of in the manufacture of ink. Tannin is 
found chiefly in parenchymatous tissue, such as bark and 
young wood, certain fruits and leaves, and also in the galls 
formed on leaves and stems by insects: tinnin also occurs 
in the extracts obtained from the wood of certain trees, the 
most important of which is Acacia Catechu , which produces 
the extract known as cutch, the manufacture of which is 

described on pages 274 to 270. 

Dves are obtained from the wood, bark, roots, flowers, 
fruits" and leaves of many trees and other plants. 

Section II— Tan-yielding Baeks and Woods. 

Bark contains most tannin in its inner living tissues : 
hence bark intended for tanning should be taken from fairly 
young stems which have not reached the stage of producing 
hard outer bark, as this not only contains little or no tannin, 
but often gives a dark colour to the leather. Vigorous stems 
contain more tannin in their bark than stems of poor growth. 
The most suitable stems from which to obtain tannin 
bark are coppice shoots grown on short rotation : the bark 
may be taken off standing trees, newly felled trees, or from 
wood which lias become more or less dry. In the case of 
standing or newly felled trees the bark should be stripped off 
at the beginning of the growing season, because it is then 
most easily taken off and contains most tannin; the most 
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ivement method is to fete the bark off in sections with 
■ ,„ " xe ’ ^ 'fookj or special barking scalpel. In the case of 
e °r les s dry wood, the wood lias to he cut into billets, 
| “ay have to he steamed before it can he barked ; not 
m 7 cloes this give extra labour, but some of the tannin, 
owing to its solubility in water, is apt to be washed out 
during the steaming, unless care is taken that the steam is 

superheated. 

After the bark has been removed it should be dried in 
such a way that rain will not get at it and wash out the 
tannin. In line weather this is best done by leaning the 
pieces of bark against each other, with or without the 
support of a roughly made trestle, so as to form a kind of 


pent roof, the outer side of the bark being uppermost; in 
wet weather the stacks of bark require to lie protected by 
a covering of thatch or other material In line weather the 
hark becomes sufficiently dry in two or three days, and is 
then exported ; the chief object of drying the bark is to 
lighten it and reduce its volume. 

As bark and wood are bulky articles to transport to long 
distances, various methods have been devised for preparing 
tannin extracts, so that the tanning material may be reduced 
to the smallest bulk possible. The preparation of tannin 
extracts is described on pages 277 to 280. 

Perhaps the four most extensively used tanning barks in 
India are those of Acacia arabica, A. Icticophlcca, Cassia 
auriculata and the mangrove BMzophora mucronata. 

Other important tanning barks are lliose of certain 
mangroves {Bruguicra gynmorhiza, Ccriops Qandolleana , and 
C. IIoxbv.rghiana ), Cassia Fistula, Shorea robusta, Bauhiuia 
purpurea, B. variegata , Acacia Smna, Garuga pinnata , 
Fog raid a febrifuge, Zkypirns Jujuba (root bark), Z. xylopyra, 
llhus Cotinus, II. mysorensis, Odina JVodier, Terminalia 
tomentosa, T. Catappa, Eugenia Jambolana, JBarringtonia 
acutangula, Bridelia relusa, Quercus incana, Buchauania 
latifolia, Bagerstrcemia parriflora, Anogeissus pendula, 
Engethardtia spicata, and Phyllanthm Emblica . Several 
of the wattle-trees of Australia (Acacia spp.) have been 
naturalized in India, and yield good tanning harks; the chief 
W* UJ, o -d- dealbata, A . Melanoxylon, and A. decurrens . 

I ‘fi 4 Preparation of tannin extracts from wood has 
iitlierto not been carried out to any great extent except in 
t he case of eutch ; there are, however, other woods which 
give promise ot yielding good tannin extracts, for example 
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Xylici clolabriformis , from the sawdust and waste wood of 
which extracts have been prepared experimentally. 


Section III.— Dye-yielding Stems and Boots. 

Dyes are obtained from the bark, wood, and in some 
cases the roots, of many trees and other plants. Many of 
the barks used for tanning, as well as wood-extracts such as 
cutcli, are used for dyeing, owing to the fact that tannic acid 
combined with salts of iron gives a black, grey, purple, or 
green colour, while many barks and woods in themselves 
"contain colouring ingredients which can be extracted by 
decoction. Most of the colouring matter of bark is con¬ 
tained in the outer layers, and not in the inner living tissues 
as in the case of tannin. Most bates give a brown colour, 
and less commonly some shade of yellow. Brown dyes are 
produced from the bark of Terminalia tomentosa , Sliorea 
robusta , Hardwickia binatet , Acacia arabica , and others; 
that of Acacia leucopliloea gives a black or red dye, that of 
Myrica Nagi a yellow dye, and those of Symplocos 
cratccgoides and S. racemosa a yellow or red dye. A yellow 
dye, used in Kashmir for dyeing woollen thread and fabrics, 
is extracted from the root-bark of Dalisca cannabina , by 
boiling. Several woods give beautiful dyes, notably Btero- 
carpus santalinus , giving a salmon-pink dye known as 
“ santalin,” Ccesalpinia Sappan and Adenanthera pavonine 
a red dye, Berberis spp. Artocarpus integrifolia, and Pleco- 
spermum spinosum a yellow dye, and Cynometm rami,flora a 
purple dye. Uoematoxylon campechimum , the “ logwood ” 
of commerce, is a native of the West Indies, and has been 
introduced into India; the wood gives a valuable black, 
violet, or deep red dye. The order Bnbiacece produces 
several important dye plants, one of the best known being 
llubia cordifolia , the madder or man jit plant, which gives 
a red, mauve, or brown dye ; this plant is common in the 
Himalayas, whence it is exported. To the same order 
belongs Morinda tinctoria, of which the bark of the root; is 
largly used for' dyeing reel and yellow. Among dye-plants 

wluoh are not of forest importance the best known is 
Indigofer a tinctoria , yielding the blue indigo dye. 

Many plants, although not yielding colouring matter, 
aro used in dyeing in the form of mordants to fix the dyes 
from other plants. 
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Section IV.— Leaves and Galls yielding Tans 
and Dyes. 


Some leaves are rich in tannin, particularly those of 
Anogeissus latifolia , Rhus Cotinus , and Rliyllanthus JEm- 
olica. The leaves should he collected when they are mature, 
but before they change colour ; they should be quickly dried 
after collection and then ground into coarse powder for ex¬ 
port. Leaves which turn dark in drying are rich in tannin. 

Dyes are obtained from several kinds of leaves: thus 
the leaves of Terminalm Catappa give a black dye, those of 
Wrightia tinctoria a blue dye, those of Symplocos 
cratcegoides , S. racemosa, and S. spicata red or yellow dyes, 
while those of the teak tree give a dye of a red, orange, or 
yellow shade,. vdiicli can be seen on bruising young teak 
leaves or placing them in methylated spirits. The “ lionna ” 
dye, used for dyeing the nails, skin, and beard, is obtained 
from the leaves of Laiosonia alba , a common hedge plant. 

Galls are found on several species of trees and shrubs, 
and are largely used for tanning and dyeing : some of the 
principal gall-bearing, species are Tamarix spp., Pistacia 
integer rima, Garugct pinnata, Acacia leucophlcea, Terminalia 
Chebula , T. tomentosa , Prosopis spicigera , and Pongamia 
glabra. 

Lichens are collected in the Himalayas and elsewhere 
for export; they are used in the preparation of dyes as well 
as medicinally. The dyes known as litmus and orchil are 
derived from lichens of the genus Rocclla , obtained partly 
from Ceylon. In the Himalayas lichens are collected from 
oaks and also from Pinus longifolia ; those collected from 
oaks are considered superior. 


Section V.— Flowers, Fruits, and Seeds yielding 
Tans and Dyes. 


Dyes are yielded by certain flowers, such as those of 
Punica Gr ana turn (Pomegranate), giving a light red dye, 
Nyctanthes Arbor-tristis, whose yellow corolla-tubes give an 
orange (lye, Chiclcrassia tabularis , giving a red and yellow 
dye, Michelia Champaca and Cedrela To on a, yellow dyes, 
JButea frondosa and R. snperba , yellow and orange dyes, and 
ft rightia tinctoria , an indigo dye. The flower-buds of 
OQhrocarpus longifalius give a red dye, and are used for 
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dyeing silk. The flowers of Woodfordia floribunda are 
used for tanning leather, and also furnish a red dye used in 
dyeing silk and leather. 

The “ Arnatto dye ” is obtained from the pulp surround¬ 
ing the seeds of Bixa Orellana , originally introduced from 
America and now cultivated in India; this dye is largely 
used for colouring silks, giving beautiful shades of red and 
orange. The “ Kamela dye ” is obtained from the red glands 
on the surface of the fruits of Mallotus philippinensis , a 
small tree very, common in most parts of India. The 
Kamela powder is obtained either in a dry state by shaking 
the capsules in a bag, or in a wet state by stirring them in 
water and collecting the sediment in the form of cakes ; the 
dye is used chiefly for dyeing silk a bright orange colour, 
but as the cost of collection is high this dye cannot compete 
with artificial dyes Prom the capsules of Tliespesia popidnea 
a yellow dye resembling gamboge is obtained. 

The fruits of Zizyphus xylopyra are used to give a black 

n 1 ? at ^ er; tllos e °f Acacia arabica and Diospyros 
Mnibryoptens are used for tanning, and also yield brown and 
black dyes .while those of Oroxylvm indilwn are used in 
tanning and as a mordant in dyeing. The rind of the fruit 
of Juglans regia is a tanning material. The pods of certain 
leguminous plants furnish good tanning material for 
sample those of Acacia arabica, Ccesalpinia digyna known 

“Div divi ” P0C Th< ai 'hi f‘ Cori f ria > commercially known as 
t v VI +i Vl ' i t as t-aamed is a native of the West 

fndios though it is cultivated in some parts of India. 

and/wewr 8 iT it flU i ts ° f Ter ^alia Ohclula 
amlT. belenca .while those of Phyllanthus Emblica are 

sometimes called " emblic myrabolans.” These fruits are 
ncn m tannin and. are used for tanning and dyeing The 
most important kind of myrabolan is that furnished by 
/ erminalia Cliebula. Tlic myrabolans of Terminalia belerica 
are of less value, and hardly repay the cost of collection and 
transport. 
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CHAPTER VI. 


Distillation Products and Extracts. 


Section I.— Oils and Tars. 


Mention has already been made (vide page 112) of the chief 
commercial products obtained by the distillation of wood; 
u c arq here concerned rather with certain oils and other 
substances which arc of interest in India. 

There are several Indian trees from the wood of which 
oils and other substances are distilled: the chief of these 
arc Scmtalum album , yielding the sandalwood-oil used in 
perfumery and medicine, Cedrus Deodara , from which is 
extracted deodar-oil, used for skin diseases and rheumatism 
and also for smearing over the inflated skins used in crossing 
rivers, Firms. longifolia , from which chir-t ar is obtained by 
destructive distillation, Finns excclsa , from the roots of 
which an oil is extracted in Kashmir and used to anoint 
the arms and legs to keep off insects in the rice-fields, 
Tectona grandis , from the heartwood of which tar is obtained 
by a process similar to that by which chir-tor is manufac¬ 
tured, and Aquillaria Agallodia, from which an attar is 
extracted. The manufacture of sandalwood-oil and cliir -tar 
is described in detail in Part IV. The wood of Aquillaria 
Agallocha , a large tree found in the hills of Eastern Bengal 
Assam, and Burma, contains masses of dark-coloured resiiions 
fragrant wood, known as agar-wood (“ eaglewood which 
are cut out and used as a burning incense by the Parsis and 
Arabs. This dark-coloured fragrant wood is not used for 
distillation, the light-coloured wood in which the fragrant 
masses are embedded, and known in Assam as dums , being 
used for this purpose ; the oil called agar-attar , is obtained 
bv distilling chips of this wood with water, and is used as a 
perfume. 


Section II.-- CamAor. 


Camph07 % is the general name given to a variety of sub¬ 
stances, all of vegetable origin and similar in their main 
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characters. Ordinary camphor is a colourless semi-trans¬ 
parent substance with a crystalline structure and a sharp 
aromatic odour. Crude camphor contains an oil, which 
has to be separated from the camphor dining the refinement 
of the latter. Besides being a valuable drug, camphor plays 
an important part in the manufacture of celluloid and of 
explosives as well as of other commercial products. There are 
three main sources of camphor, (1) common or Laurus 
camphor, obtained from the tree Cinnamomum Camphora , a 
native of China, Japan, and [Formosa, and much planted in 
India and elsewhere in the East, (2) Borneo or barus 
camphor, obtained from a large Dipterocarp Dryobala/nops 
aromatica , a nalive of North Borneo, Sumatra and Labuan. 
and (3) Ngai or Blumea camphor, obtained from the com¬ 
posite plant Blumea balsamifera , which is very common 
in jungle clearings in Burma, and extends into Eastern 
India, the Malay Peninsula, and South China. Of these 
three camphors the first-named is by far the most important 
commercially, being the most abundant source of the world’s 
supply: it is also the cheapest of the three. Borneo 
camphor is the most costly, being obtainable only in small 
quantities and being highly valued for medicinal purposes 
in India. Ngai camphor, which is manufactured in China, 
is cheaper than Borneo camphor but more expensive than 
common camphor. It is almost unknown in Europe, but is 
used in China for the manufacture of fine qualities of ink, 
as well as in medicine and for ritualistic purposes. A brief 
account of the methods employed in distilling camphor will 
he found on pages 272 and 273. 


Section III.— Perfumes. 

The flowers of many species are employed for the extrac¬ 
tion of perfumes, for example Oanangium odoratum , Mesua 
ferrea i Michelia Champaca , Nyctanthes Arbor-tristis , Bos a 
spp., Jasminum spp., Acacia Farnesiana , and Clerodendron 
inerme. A scented oil is extracted from the flowers of 
Ochrocarims longifolius : the flowers are collected before 
they are open, as they are of little use after they have fully 
opened. 


o 
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CHAPTER VII. 

Gums, Resins, and Oleo-Resins. 

Section I.— General Account. 

Gum is a more or less viscous substance which exudes 
from cracks or wounds in the hark of many trees, shrubs, 
and climbers; gums are, botanically speaking, degradation 
products of the cell-wall, and occur chiefly in the cortex. 
Gums are classified into various types according to their 
physical and chemical properties. Gum arable, obtained 
chiefly from Acacia Senegal , is a valuable form of gum which 
is readily soluble in water, and can therefore be employed for 
adhesive purposes. Gum tragacantli is insoluble in water, 
but has the property of absorbing large quantities of water 
and swelling up to a considerable bulk ; it is not produced 
by any Indian species, but an inferior substitute for traga- 
canth known as bassora gum (in India called Katira) is 
obtained from several species, for example Cochlospermum 
Gossi/pium, Sterculia spp., Bombax malaharicum , etc. 

Gums are largely used as mucilage, in calico printing, 
sizing paper, confectionery, medicine, and for other purposes. 
It is of great importance that the gum collected from differ¬ 
ent species should not be mixed, and that it should be free 
from bark, earth, and other impurities. As gums collected 
in India and exported to Europe frequently consist of 
several kinds mixed, and are often full of impurities, the 
value of Indian gums in the European market is not so high 
as it might become with more care in collection and prepara¬ 
tion. The viscosity of gums is tested by noting the number 
of seconds required for 50 cubic centimetres of a solution of 
given strength (usually 10 per cent.) to flow through a 
cylindrical tube with a narrow aperture of fixed calibre 
below, highly viscous solutions taking longer to pass through 
than those of low viscosity. 

Beams, like gums, are degradation products of the cell- 
walls, but also occur as derivatives of starch. Resin may 
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occur either in the wood or in the cortex : in the latter case 
it is secreted in sjiecial resin ducts, and in the former it may 
occur either in resin ducts or in the vessels and other wood- 
tissues. Resins are insoluble in wat£r, but are soluble in 
alcohol: they are inflammable, burning usually with a 
smoky flame, and are divided into three classes, (1) true 
resins, which may be hard or soft, (2) gum-resins, which 
contain a gum soluble in water, and (3) oleo-resins, contain¬ 
ing an essential oil. 

The resins of pines and of the JDipterocarpece are collected 
by making incisions into the wood; other resins, as well 
as gums, are collected either from spontaneous exudations or 
from wounds in the bark. In the case of certain species of 
Gardenia , a gum resin is exuded from the leaf-buds and is 
collected for sale. As the method of collection from the 
hark differs materially from the method of collection from 
the wood, we may deal with each separately. 


Section II. —Exudations from the Bark.* 


1. Methods of Collection . 


Collection from the bark may be carried out either from 
spontaneous exudations, as in the case of the gum of Anogeis- 
sus latifolia , Acacia arahica , A. modesta , and Sterculia 
spp., and the resin of Boswellia serrata , or from wounds in 
the bark, as in the case of the gum of Bauhinia return, the 
gum-kino of Bterocarpus Marsupium and Butea frondosa, 
and many other gums and resins. 

Spontaneous exudations take place particularly when the 
bark cracks with prolonged heat or as a result of unliealthi- 
ness ; thus after a long dry hot season large quantifies 
°f gum are exuded, particularly from the more unhealthy 
trees, while after a forest fire these exudations are especially 
copious. 

Collection from wounds in the bark is carried out in two 
different ways. The first or common method is by making 
gashes through the bark, the details of the tapping depending 
011 local custom. Plate XVII, fig- 1, shows the common 
method of tapping Odina Wodier in Northern India, by 
gashes made with an axe, a system also employed for other 

* Bark is here used in the popular, not the strictly botanical, sense, and includes what 
botanically known as the cortex. 
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species which require to be tapped in this way. The second 
method of tapping is by cutting thin slices off the surface 
or the. hark. This latter method is employed only in the 
collection of gamboge, obtained as described below from 
Garcinia Morelia . 


2 . Chief Kinds of Gums and Resins. 

The following is a brief description of the principal kinds 
of gums and resins found in India :— 

Acacia arabica gives a gum, somewhat similar to gum 
arabie, which is largely collected and used in native medi¬ 
cine, dyeing and cloth printing. The gum exudes naturally 
curing the hot weather, and is usually collected during 
ebruary, Maicli, and April. Old trees yield more gum 
than young trees, the amount varying from 1 lb. from trees 
10 —lo years old to 2 lbs. from trees 20—40 years old. The 
gum from young trees, however, is clearer, whiter, and more 
valuable than that obtained from old trees. 

Acacia Senegal yields .the true “gum arabie 55 of com¬ 
merce, largely used in calico printing, in medicine, forgiving 
lustre to silk, and for many other purposes. The tree occurs 
in Sind, the Punjab, and Hajputana ; it is also common in 
many parts of Africa. The gum collected in India is so often 
mixed with other gums that it is commercially less valuable 
than the African gum. 

Anogeissus latifolia produces a gum much used in calico 
printing; it is inferior in strength to gum arabie for adhesive 
purposes. 

Bauhinia vetnsa yields the “ semla gum," a clear gum 
resembling gum arabie, but not so useful, being only imper¬ 
fectly soluble in water: in Europe its commercial value is 
low. The trees are usually tapped once in every four or five 
years, tapping being done twice a year, in March and April 
and again in September and October, the collection of the 
gum taking place in May and June and again in November 
and Decbmber; by this means the monsoon and winter rains 
are avoided. Gashes about 4 inches apart are cut through 
the bark and just into the sapwood all over the trunk, and 
on branches of 0 inches girth and over ; the gashes are cut as 
much as possible horizontally, the cutting being done with 

a , axe with a blade about 2 inches broad. The average 
yield of gum per tree iw about 10 lbs. 


PLATE XVII. 






Photo, by Bnsti Ram. 

1. Method of tapping Odina Wodier 
for gum in Northern India. 




2. Large kanyin tree (Dipterocarpus alatus) which 
HAS BEEN TAPPED FOR WOOD-OIL; BURMA. 

[ To face putfo 1#0. 
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Boswellia serrata yields a transparent gum-resin from 
wounds and cracks in the bark ; this is used as medicine and is 
burnt as incense. 

Buchanania lalifolia gives a gum which is too insoluble 
to have much commercial value. 

Butea frondosa yields a ruby-coloured gum obtained from 
gashes in the hark, and to some extent spontaneously; this 
gum, which is known as “ Bengal kino ,’ 5 is soluble in water, 
and is used as an astringent in medicine. 

Cochlospermum Gossypium yields a white gum, insoluble 
in water, which is used in native medicine and is also largely 
used by shoe-makers. It is sometimes sold as katira, though 
the true katlra or gum-tragacanth is produced by species of 
Astragalus not found in India. 

Dammar is a trade name given to a certain group of 
resins : the true dammar is obtained from Agatliis loranthi- 
folia, a conifer found in Borneo, Sumatra, and elsewhere. 
In India there are altogether six substances commercially 
known as dammar—( 1 ) Black dammar is a shining deep 
rcddisli-hrown resin obtained from Ganarium strictum by 
making vertical cuts in the bark and setting fire to the 
bottom of the tree by lighting a pile of firewood round the 
base. The dammar begins to flow 2 years after burning and 
flows for about 10 years, between April and November : 
the resin is collected in January. This dammar is not of 
great commercial value; it is used in India for varnish, after 
dissolving in turpentine. (2) Sal dammar is a resin obtained 
by tapping the sal tree, Shorea robusta ; its supply is now 
limited owing to the stoppage of tapping in Government 
forest, where much damage was formerly done through 
lapping operations. (3) Bock dammar is a yellow or whitish 
resin obtained from JELopea odorata , and used for making 
copal varnish. (4) White dammar is a valuable resin ob¬ 
tained from Valeria indica , a large tree of the Western 
Beninsula ; it is used for manufacturing varnish. (5) Green 
dammar is a dark-coloured resin obtained from Shorea, Eum- 
bnggaia and used* in medicine. ( 6 ) Bwenyet dammar is a 
black resinous substance, a combination of vanous gums and 
resins collected by certain species of bees of the genus Meli - 
pona (Trigona) and moulded into a mass, usually in the 
hollow of trees. This resin, which is believed to be collected 

* This substance might possibly bo classed jus au animal product, but as it is one of the 

substances known as dammar it is convenient to deal with lb hero. 
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from Ilopea odorata and various species of Dipterocarpus, 
is much used in Burma for caulking boats. 

Garcinia Morelia furnishes the “ gamboge ” of com¬ 
merce, a yellow gum-resin obtained from incisions in the bark, 
or by cutting a thin slice off the surface of the bark and 
allowing the gamboge to collect and harden on the exposed 
surface. It is used in Europe for water-colour paints, in India 
for caste-marks, and in Burma for dyeing silks a yellow colour. 

Melanorrhcea usitata yields a black oleo-resin or natural 
varnish from cuts made in the stem and chief branches ; this 
varnish is largely used in Burma, under the name of thitsi , 
for lacquer work, varnishing, caulking boats, and in 
•medicine. 

To collect the varnish a few Y-shaped incisions are made 
through the bark on different sides of the tree a few feet 
from the ground, and into the apex of each Y a small bam¬ 
boo tube 4 to 6 inches long is driven, the tubes being made to 
slope downwards. The varnish collects in these tubes, which 
are emptied periodically, as a rule every 5 or 6 days, the 
tube being replaced in the wound. Generally the varnish 
ceases to flow after about three visits to the tree, when fresh 
incisions are made a few inches above the old ones. This 

S rocess is repeated till the incisions extend a considerable 
istance up the trunk of the tree. 

Odina JJ^odier yields a brown clear brittle gum used in 
paper sizing, cloth printing, and in native medicine ; it is 
soluble in twice its weight of water. 

Vterocarpm Marsujpium yields the “ gum-kino ” of com¬ 
merce, a bright red astringent gam-resin containing about 
75 per cent, of tannic acid, and much used in medicine. The 
tapping is done by means of a series of Y-shaped incisions an 
inch wide in the bark, about 8 or more in all, one above the 
other and some 9 inches apart: these are connected by a 
vertical cut running through the apex of each Y, and leading 
to a bamboo tube placed at the bottom to receive the juice. 
The gum begins to How in liquid form as soon as the cuts 
are made, and continues flowing for about 12 hours. The 
liquid is then taken to a drying shed, strained, and poured 
in*o shallow trays to a depth of about 1 of an inch : these 
trays are placed on shelves closed in with muslin to keep out 
dust . Drying takes 2 weeks in dry weather and 8 to 4 weeks 
in wet weather. The tapping should be done late in the 
afternoon and the tubes removed early next morning to 
prevent the gum drying on the tree or in the tube. Large 


MIN ISTfy 


183 




trees give a smaller yield, but produce heavier gum than 
small trees : a tree 6 feet in girth yields about 3 lbs. of liquid 
gum or 1 11). of dry gum. It is considered safe to tap trees 
on alternate sides once in 5 years. 

Sterculia villosa gives a clear white gum resembling that 
of Cochlospermum Gossypium, and, like it, is sold as “katlra” 
and used in native medicine. 

Styrax spp. The “ gum-benzoin,” sometimes called 
“ gum-benjamin,” of commerce, a resin which is used as 
incense and in medicine, is obtained by incisions in the bark, 
from Sty rax Benzoin , a small tree of the Malay Archipelago : 
it is represented in India by Styrax serrulatum , which gives 
an inferior gum-benzoin. 

Among less important gums and resins which have local 
uses, may be mentioned those produced by Acacia Catechu 
and A. modesia (gum), Bornbax malabaricum (gum), Canar- 
ium silckimense (resin), Eriodendron anfractuosum (gum), 
Eugenia Jambolana (gum), Feronia Elephantum (gum), 
Gardenia sjrp. (gum-resin), Lagerstrcemia parviflora (gum), 
Many if era indica (gum), Melia indica (gum), Bent acme 
sauvis (resin), Shorea obtusa (resin), Soymida febrifuga 
(gum), Spatliolobus JRoxburghii (gum), Tamarix dioica 
(gum). 


Section HI.—Exudations fhom the Wood. 

# Two different classes of exudations are obtained from in¬ 
cisions made into the wood, namely, the wood-oil obtained 
from certain species of Dipterocarpus, amVtlie resin obtained 
from pines: these will be described in turn. 

1. JVood-oil from Species of DipterocarpuB. 

These wood-oils are usually classed as oleo-resins, consist¬ 
ing as they do of a volatile oil holding in solution a resin. 
The two chief wood-oils are Gurj un-oil, or h any in-oil, obtain¬ 
ed from Dipterocarpus turbinatus and D. alatus, and In-oil, 
from D. tuberculatus; the former is produced in larger 
quantity and is better known than the latter. Gurj un-oil 
is used for mixing with rotten wood to make torches, as a 
preservative of wood and bamboo work, for the manufacture 
of paint and varnish, and in medicine. The uses of In-oil , 
which is a thicker substance than Gurjun oil , are more 
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d used for making torches, for water¬ 
proofing bamboo baskets, and for caulkiSg boats 
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The crude resin which is obtained by tapping vari- 
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to that of several other pines for making varnish owing to 
the difficulty with which it dries, hut as the tree is plentiful 
and accessible the tapping of it is highly remunerative, while 
the existing demand for the turpentine for medical purposes 
testifies to its purity. With improved methods of distilla¬ 
tion the turpentine of Finns longifolia may prove to be a 
quicker drying oil than it has been found to be in the past 
The Indian pines which produce the best quality of resin 
are Firms Khasya , found in Assam and Burma, and P. 
Merkusii , occurring to a limited extent in Burma : these two 
pines are for the most part situated in remote places, so that 
the cost of transport has hitherto largely prohibited their 
remunerative tapping. Finns ex cels a produces resin less freely 
than P. longifolia , but the turpentine and colophony ob¬ 
tained from it are of rather better quality. 

The resin of conifers occurs mainly in resin-ducts which 
run in a vertical or horizontal direction through the wood. 
The vertical ducts are, for tapping purposes, more important 
than the horizontal ducts, the latter beiug narrower than the 
former. The horizontal resin-ducts are found inside the 
medullary rays, and run with them into the cortex. If a 
pine-tree be blazed, therefore, resin will be found to exude 
both from the wood and from the cortex, the flow being 
more copious from the vertical resin-ducts in the wood than 
from the horizontal ducts in the wood and cortex. Accord¬ 
ing to Mayr’s researches, there is always more resin in the 
lieartwood than in the sapwood : on the other hand the flow 
of liquid resin is more copious from the sapwood than from 
the lieartwood. The reason of this is that when the sapwood 
becomes converted into lieartwood the resin-ducts become 
blocked up, the flow of resin being thereby obstructed. 

These physiological facts have an important bearing on 
practical resin-tapping, for it is obvious that the highest 
yield of resin will be obtained by tapping the sapwood and by 
severing the largest possible number of vertical resin-ducts. 
In actual practice it is neither necessary nor advisable to tap 
more than 1 inch deep. 

Resin-tapping is carried out in various ways, but the 
method found most satisfactory in the Himalayan forests is 
based on the Trench system, and will be described somewhat 
in detail. It maybe mentioned first that the native method 
of tapping resembles that, just described, of tapping the 
Dipterocarpece for wood-oil, except that in the case of pine- 
tapping fire is not employed; the resin flows into a basin-like.. 
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cavity cut mto the heart wood, and is periodically scooped out. 
in eedless to say, this system inflicts great damage on the tree 
without producing a higher yield than would be obtained 
ii tne cut were made only into the sap wood. 

•M - T H ^ thod of tapping Finns longifolia trees in the 
Eorest Uivision, United Provinces, is as follows 

VV ith a curved gouge-chisel 8 inches broad (measured on 
the curve) a cut is made through the bark and into the wood 
of the tree, sloping slightly upwards, at a height of about 
o inches from the ground. Into this cut a rectangular 
piece of. galvanised iron 6" x 2-^" _is hammered, and forms a 
curved lip. lor pome distance above this lip the outer bark is 
scraped oil, and immediately below the centre of the lip a nail 
is driven in ; on this nail is hung an nnglazed clay cup like 
a flower pot, of aoout a pint capacity, near the top of which 
a hole is bored to hang it on the nail. The top of the cun is 
covered, all except immediately below the lip, with a piece 
of bark or an earthenware lid to prevent the ingress of 
fragments of bark and dirt and the evaporation of the oil 
ot turpentine. Plate XVIII, fig. 2, shows an earthenware 
lid on the cup. # Immediately above the iron lip a blaze 6 
inches high, 4 inches broad, and f inch deep is made with a 
sharp adze the head of which is 8 inches long, with a cutting 
edge 2 inches broad. Hitherto the blaze has been made 
rectangular in section, the adze having a straight cutting edge, 
but recently blazes of curved section have been tried, an adze 
with a curved edge being employed ; the main object of this 
is to minimize the damage done to the tree by cutting as 
many resin-ducts as possible while making a wound which 
will heal m the shortest possible time. Plate XVIII ficr 1 
shows the appearance of a blaze of curved section during 
the first season of tapping, together with the cup, and imme¬ 
diately above it the iron lip, the object of wdiicli is to guide 
the resin from the blaze into the cup. The results of ouo 

season’s working tend to show that the vield of resin is 
considerably higher in the case of blazes with a curved 
section than of blazes will) a rectangular section. 

As soon as the blaze is made resin begins to exude and 
rie - c slowly down, falling on the lip and thence into the 
cnp. -ft very 6 or 7 days the upper part of the blaze is 
ireshened by the removal, with the adze, of a thin shaving of 
vvuot no more than 2.1 inches in length. This is necessary as 
t m resin dries on the blaze and clogs up the-exposed ends of 
tiie rosin-duets ; the freshening of the blaze promotes the free 
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Blaze of curved section: 
ist season's tapping. 



MINI TAL FOREST DIVISION, UNITED PROVINCES. 


PLATE XVIII. 


Photos, by Author. 

Blaze of rectangular section: 2nd season’s 
tapping. Cup with earthenware lid. 
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flow of resin again. This freshening of the blaze continues 
throughout the tapping season, which lasts from the begin¬ 
ning of March till the end of October, so that by the end of 
the first season the length of the blaze is about H feet or 
slightly longer. As soon as the cups are full the resin is emptied 
from them into canisters or kerosene-oil tins by collecting 
coolies, the time varying from 10 days to a month according 
to season, asjoect, condition of the tree, and other factors. 

At the commencement of the next season the lip, nail 
and cup are moved up to within about 4 inches of the top of 
the previous year’s blaze, and tapping is continued as before. 
The same process goes on for 5 years. By the end of the 
fourth season the blaze is about 6 feet high, so that during 
the fifth season a ladder has to be employed. Plate XVIII, 
fig. 2, shows the appearance of the blaze and the position 
of the lip and cup during the second season’s tapping, and 
Plate XIX, fig. 1 , the appearance of the blaze after 5 
seasons, when taj^ping is completed. Plate XIX, fig. 2, 
gives a general view of tapping operations during the second 
season. 

The number of blazes made on each tree is as follows :— 
Trees over 6' in girth . . 3 blazes. 

„ 4'6 "-O' „ „ , . . 2 „ 

„ 3' 6"—4' 6" „ „ . .1 blaze. 

Trees under 3 feet 6 inches in girth are not tapped. 

After a tree has been tapped for 5 successive years it is 
given a rest for 10 years, so that the tapping system of 
Naini Tal is based on a 15 years’ rotation. 

In the Chakrata Division of the United Provinces trees 
of a minimum diameter of 2 feet are tapped for 3 years in 
succession, an interval of at least 7 years being allowed 
before the trees are re-tapped. The initial blaze is made 
about 1 foot long, w r hich is longer than necessary. The nail 
for supporting the cup is hammered in below the latter, the 
cup being pressed up against the lip to keep it in position. 
The blaze is freshened once in about 8 days, and becomes 2 
to 2Jfeet Jong by the end of the first season, and usually 
well over 6 feet long by the end of the third season. 

In the Kangra Division of the Punjab the initial blazes 
are made only 3 inches high, these becoming 2 feet 6 inches 
long by the end of the first season, ^he blaze is elongated 
about 1 inch weekly from March till the beginning of the 
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rains, -J- of an inch during the rains, and again 1 inch from 
the end of the rains till the end of October, when the season 
closes. The cups, which are 8 inches deep and 4 inches in 
diameter, are suspended by wires looped oyer nails driven 
• into the tree on a level with the lip. 

Hesin flows most freely during the hot weather, the 
quantity exuded being much less during the rains and 
almost ceasing during the cold season ; in the Himalayas the 
resin-tapping season usually lasts from March till the 
end of October. The flow r of resin is greater on the south 
side of the tree than on the north, and on hot southern slopes 
than on cool northern slopes. Although excessive tapping is 
injurious to the tree, and may even kill it, the quality of the 
timber, according to experiments carried out in America,, 
is improved, becoming stronger and seasoning more quickly. 
In Prance it is sometimes the custom to kill by excessive 
tapping such trees as are to come under the axe in a short 
time ; the effect of this is to cause the trees to produce a 
large quantity of seed before they die, thus promoting good 
natural reproduction. This “tapping to death,” as ft is 
called, has recently been introduced in Naim Tal Division, 
trees v r kich are to be felled being heavily tapped (one blaze 
for each foot of girth with one additional blaze) five years 
before they are felled. There can be no doubt that resin¬ 
tapping has its disadvantages : the chief of these are the loss 
of timber in the lower part of the tree owing to the presence 
of wounds caused by the tapping, and the danger from fire, as 
a tapped tree has its resinous wood exposed to the flames and 
suffers greatly. Hence systematic resin-tapping should never 
be introduced until fire-protection is assured. As regards 
the loss of timber, if tapping is carried out only for a few 
years immediately before the tree comes under the axe the 
loss is almost negligible; in remote places, however, where 
the timber cannot be sold, there is no objection to periodic 
tapping for many years before the tree reaches its maximum 
size. Thus the extent to which resin-tapping should be 
carried out wall depend largely on local conditions. With 
moderate tapping an average tree {Finns longifolia) may be 
expected to yield from 5 to 12 lbs. of crude resin per annum. 
The highest yield is ordinarily obtained in the third and 
fourth, years, the third year’s yield being higher than that of 
t he fourth year ; that of the fifth year is less than that of the 
fourth year, and that of the second year less than that of the 
third year but higher than that of the first year. 
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Appearance of blaze after 5 years, when * 

TAPPING IS COMPLETED. 
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CHAPTER VIII. 

Indiarubber and Guttapercha. 

Section I.— General Account. 


Under this head are included two valuable commercial 
products, indiarubber or caoutchouc and guttapercha. 
Caoutchouc is a substance found in the milky latex of a large 
number of plants belonging chiefly to the orders Fhtphor- 
biacece, TJrticacece , Apocynacece , and Asclep)iadocece ; the 
latex is found in the cortex, and extends into the leaves, 
roots, fruits, and other parts, but is not yielded by the wood. 
This latex consists of a watery medium in which are sus¬ 
pended not only caoutchouc but also particles of resin and 
other substances, while the liquid medium contains various 
salts, phosphates, and in some latices tannin. The latex after 
collection turns darker in colour and coagulates after a time 
which varies in different species. Various measures are 
adopted in the case of different latices to facilitate coagula¬ 
tion and separate the caoutchouc from the other constituents 
of the latex; the chief of these measures are washing and 
kneading, boiling, separation by a centrifugal machine, or 
treatment with various chemicals such as acids, of which 
acetic is the best, alum, mercuric chloride j(corrosive subli¬ 
mate), creosote, etc. 

Chemically speaking caoutchouc is a hydro-carbon, that 
is, a compound consisting essentially of hydrogen and carbon: 
it is an elastic substance, impervious to water but not to 
gases, insoluble in alcohol, acids, and alkalies, and soluble in 
benzol, naphtha, bisulphide of carbon, chloroform, oil of 
turpentine, and some other oils. The substance known as 
vulcanite is a combination of caoutchouc and sulphur. 

Many different rubber-producing plants are indigenous in 
India, by far the most important being Ficus elastica (Assam 
or Rambong rubber),.an account of which is given below. Of 
recent years various climbers belonging to the order Apocy - 
nacece have received attention, particularly in Burma ; the 
chief of these are Far am eria ylancluUfera, TJrceola esculenta 
(syn. Chavannesia esculenta ), j Rhynchodia TFallicltii , JEcdys- 
anther a micrantha and Chonemorpha macrophylla, but 
although these are reported to yield good rubber their 
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commercial success is not yet assured owing to the difficulty 
• and cost of collection. 

Of exotic trees which have been introduced into India 
there are three which deserve special mention ; these are (1) 
Hecea brasiliensis (Para rubber), order Euphorbiacece , a 
native of Brazil; this tree produces the best quality of rub¬ 
ber, but requires a moist, warm climate, (2) Castilloa clas - 
tica , order TJrticcicece , a native of Central America; it 
requires a climate neither too moist nor too dry, and is suit¬ 
able for the coffee zone, (3) Manihot Glaziovii (Ceara rubber), 
order Euphorbiaccce , which regenerates freely from seed and 
grows in a variety of climates, being well adapted for the 
plains ; the yield of rubber in India, however, is poor. 

Many other exotic species have been tried and are still 
under trial, but whether they will be a commercial success or 
not is a matter which only the future can decide. 

The Para rubber has proved the most profitable tree for 
planting in the tropical regions of the East, and extensive 
plantations have been formed in the Straits, Ceylon, and the 
Dutch East Indies. In the Indian Empire there are fairly 
extensive areas under Para rubber in Southern India and in 
Burma, and the industry has every prospect of developing 
further in both these regions. A few particulars regarding 
this important tree are given on pages 192 to 198. 

Indiarubber is an article which is employed for a large 
number of purposes, and since the development of the motor¬ 
car industry the demand for rubber for tyres has been in 
excess of the supply, with the result that good rubber 
commands a high price in the market. 

Guttapercha differs from caoutchouc physically rather than 
chemically ; it is a soft plastic substance when heated, but 
when cooled down is hard. When exposed to the air it is 
liable to oxidize and become brittle on the surface, but under 
water it is extremely durable, and as it is one of the best in¬ 
sulating substances known it is largely employed in the 
manufacture of submarine cables. Guttapercha is obtained 
from various species of the order Sapotacece , the chief of 
which is Palaquium Gutta (syn. Isonandra Gutta or Dichop- 
sis Quito), a tree of the Malay Peninsula. 


Skctlon II. B.ubuer from Ficus elastic a. 

Ficus claslim is a large evergreen tree found wild in the 
moist forest of the outer Eastern Himalayas, in Assam, and 
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in Upper Burma, mainly in the Hukong Valley, where it 
has been much overworked ; it flourishes best where the 
atmosphere is excessively humid. In Assam large planta¬ 
tions of Ficus elcistica have been formed, and much ex¬ 
perience has been gained regarding the best methods of 
propagating and tapping the tree. In its natural state it 
usually starts as an epiphyte, the seedlings growing in the 
forks of other trees, and subsequently sends down aerial roots 
which reach the ground. The tree may be reproduced 
artificially by seed, by layers, or by cuttings. The spacing 
of trees in plantations should not be less than 25' x 25' : this 
is by many considered too close, and triangular planting 
35' x 35' and even wider spacing is sometimes adopted. 

The following is the usual method of tapping adopted after 
several years’ experience in the Charduar and Khulsi rubber 
plantations in Assam :— 

The trees are cleared of creepers and rubbish and all 
undergrowth is cut down under them ; bamboo mats are 
then laid down under the trees to collect any latex which 
falls, the mats being well dried before use, as green bamboo 
mats discolour the rubber. The tapper then ascends the 
tree and begins tapping from the highest branch, no branch 
less than 2 feet in girth being tapped ; the cuts are made with 
a V-shaped gouge" driven with the aid of a small wooden 
mallet, care being taken to make the cut just deep enough to 
reach the cambium but not to injure the wood. This gouge 
makes cuts 1J inches broad on the outside : the cuts are 
made horizontally 15 inches apart (the length of the gouge) 
on alternate sides of the branches and stem, extending more 
than half and less than two-thirds round. The latex flows 
for 2 or 3 minutes after tapping, some falling on the mats 
and some coagulating in the cuts ; the mats are then removed 
to the next tree and used over and over again until thickly 
coated with rubber. Impurities such as bark, leaves, etc, 
should never he allowed to remain on the mats, but should 
be shaken off when the mats are removed from each tree. 
The rubber is pulled off the cuts usually on the third day 
after tapping : this rubber, together with the mat rubber, 
is taken to a godown, impurities are removed by hand, and 
the rubber is dried on shelves or hung over ropes, being put 
out in the morning sun for a quarter of an hour daily. When 
dry, the rubber is pressed by a screw-press into 18-inch cubes, 
each weighing 1 cwt.: after 21 hours these cubes arc' packed 
in cotton cloth, from which all starch has been washed, and 
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sewn into double gunny bags, when it is ready for the 
market. 

In the Assam plantations tapping starts in the middle 
of October and continues till the end of March. The greatest 
yield is obtained from the middle of November to the middle 
of January, that is, in the season of least growth ; most 
latex flows in the early morning, the flow being less copious 
in the heat of the day and smallest in the evening. Rain is 
fatal to tapping, as the latex is washed away. The trees are 
tapped once only in a season, experiments having shown that a 
second tapping by re-opening the cuts produces a compara¬ 
tively small yield. The minimum age at which trees may 
be tapped, and the safest interval, have not yet been ascer¬ 
tained definitely ; it may be said generally that trees should- 
not be tapped younger than 12 to 14 years, and that an 
interval of at least 2 years should be allowed between 
successive tappings, the new cuts being made between the 
old ones. The yield of rubber per tree varies greatly : in 
the Charduar plantation the maximum yield obtained 
from a single tree in 1905-1906 was nearly 8 lbs., but 
the yield from the Assam plantations is as yet small. 
A fair average yield, under proper working, for trees 
50 years old may be taken to be 10 lbs.: from younger trees 
much smaller yields are obtained, averages of 1 to 2 lbs. per 
tree in a season’s tapping operations being usual. Large yields 
are obtainable under the wasteful system, carried out by 
jungle tribes, of tapping the ground roots as well as the stems 
and branches, which has resulted in the extermination of the 
rubber trees in many remote tracts. The cost of preparing 
the ground and stocking one acre with rubber plants varies 
with local conditions, but should not be more than Rs. 40 to 
Its. 50. The cost of collection and preparation of the rubber, 
including all charges, is in the Assam plantations from 4^ 
annas to 7 annas per lb. 


Section III. Rubber from Heve a brasiltensis . 


1. General . 

The home of the Para rubber tree (Uevea brasiliensis) is 
in the Amazon valley in South. America. It was first intro¬ 
duced into India in 1873, when a few plants were sent to 
Calcutta from JLew. It was not till 1875 that it was 


MINfSr/Jy 


193 




seriously talked of in Ceylon as a possible plant of economic 
importance; its extension throughout the East commenced 
to date from the early eighties, but was at first slow. With¬ 
in recent years, however, the planting of Para rubber has 
proceeded by leaps and bounds, large areas having been 
planted within the past ten years in Ceylon, Malaya, Borneo, 
Java, Sumatra, Southern India, and Burma. 


2. Planting. * 

Planting is carried out by clearing and burning existing 
jungle, and preparing planting holes feet deep and as wide 
as possible (2'x2' being none too large). The seedlings may 
be planted out as soon as the seeds have germinated, or they 
may be raised in nurseries and planted out 9 to 12 months 
later, preferably in the form of basket plants. A common 
system is to ce stump ” the plants, that is to prune them 
down to within a few inches from the ground before trans¬ 
planting them. Tiie spacing of the earlier plantations was 
undoubtedly too close, and even now opinions differ as to 
the correct sj>acing to adopt. In the majority of cases 
a spacing of 20'x20' is now generally adopted. Weed¬ 
ing and green or artificial manuring are carried out during 
the early years of the life of the plantation; in green 
manuring some authorities recommend only a surface 
dressing of herbaceous plants cut and thrown on the ground, 
and not dug in, as the digging is liable to injure the roots 
of rubber trees. 

3. Pruning. 

As tapping is generally confined to the lowest 6 feet of 
the trunk of the tree, and as trees which fork early increase 
uiore rapidly in girth than those which form an uninter¬ 
rupted bole, the practice known as “ thumb-nail ” pruning 
is resorted to. The terminal bud is pinched out when the 
young tree attains a height of about 10 feet, forking being 
thereby induced. Eurther pruning may be necessary subse¬ 
quently to check the formation of too many large branches. 
Pruning of the large branches does more harm than good. 

4. Principles of Tapping . 

Tapping commences when the trees have attained a girth 
of 20 inches, which is reached in 4 to 6 years. Rubber from 
very young trees is inferior. The latex tubes run mainly in 

r 


WHlST/f^ 


194 




a vertical direction, and are found chiefly in the inner part 
of the cortex, close to the cambium; hence any system of 
tapping should provide for oblique cuts, and the cortex 
should be cut right through. Horizontal cuts are not 
advisable, as the latex cannot drain off satisfactorily. The 
cortical tissue should be cut with an absolutely clean cut, 
not scraped or dragged in such a manner as to clog the latex 
tubes and form a rough surface over which the latex will 
not flow ; the cut should be deep enough to reach but not to 
damage the cambium, and only the thinnest shaving should 
be pared off at each cutting. Many different tapping 
knives have been invented, and recently pricking instru¬ 
ments have come into vogue. 

The principle of tapping 1Tevea trees depends on the 
phenomenon known as “Wound-response,” which has not 
yet been observed in any other kind of rubber tree. This 
phenomenon, regarding which the first reliable results were 
obtained by Willis and Parkin, consists in the fact that 
although the first tap made in a JELevea tree yields compara¬ 
tively little latex, the effect of the wound is to stimulate the 
production not only of a greater flow of latex, but also of a 
higher yield of caoutchouc, in the immediate neighbourhood of 
the loound. This increase is not observable 12 hours after first 
tapping ; it is sometimes noticeable 24 hours after, but general¬ 
ly not for two days. Experiments have also shown that the 
yield goes on increasing for many consecutive tappings. This 
phenomenon leads to two important principles in tapping 
Hevea trees : (1) at each place of incision many successive 
tappings should be made, each in close proximity to the one 
preceding it, and (2) the interval between tappings is generally 
2 days; in some localities 24 hours is found "to give good 
results. As regards the number of tappings to be made, the 
tree itself is the best indicator, for the supply of caoutchouc 
eventually fails, a thin watery latex resulting, which will not 
pay the cost of collection ; the tree then has to be given 
a rest. Generally a Kevea tree will stand tapping for 3 to 4 
months. 

The phenomenon of wound-response governs the methods 
of tapping Hevea trees, that is, tapping should be done by 
reopening old wounds, and not by making fresh incisions. 
-A- 11 initial incision is made through the cortex down to the 
cambium, but without destroying the latter, and each subse¬ 
quent tapping is made by shaving off a thin paring of cortex 
down to the cambium from the lower side of the initial 
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gi oove. The thinner the paring of cortex removed at each 
tapping the better, for the longer the cortex can be made 
to last the greater, as a rule, will be the yield of rubber. 
With some of the modern tapping knives shavings <4 of 
an inch or less can be obtained. Incisions were° at~ first 
made by grooves of V-shaped section, but experiments 
have shown that a single slanting cut produces wound- 
response just as well, and hence tapping systems are based 
on simple oblique incisions. Formerly the latex was collected 
separately from each incision, but as this involves much 
labour it has been generally discarded in favour of collec¬ 
tion at the base of the tree, cups being placed there for 
its reception. To assist the flow of latex cups are sometimes 
xed at the upper ends of the cuts, from which water is 
m ow . trickle in small streams down the incisions. 

apping higher than 6 feet from the ground is not generallv 
considered advisable because the yield from the upper part 
ol the bole is comparatively small, and the use of ladders 
increases the cost of tajiping. Tapping is done in the cool 
ol the morning and evening, the flow of latex ceasing 
partially or entirely during the heat of the dav. 


5. Tapping Systems. 

Many different systems of tapping Mevea trees have 
been employed in the past, but the two most widely emploved 
m plantations now are the spiral and the lierring-bone . 

Spiral systems.—A spiral incision is made from a height 
ox teet to the base of the tree. A. full spiral is one carried 
right round the trunk, and a half-spiral is one carried half- 
^ r °ufd. Small trees require only one spiral, but an 
additional spiral can be added for each foot of girth ; thus a 
tree 3 feet in girth could have three spirals {vide Plate XX, 
figs. 1 and 2). At each successive tapping, a thin paring of 
cortex is removed from the lower edge of the spiral, and the 
latex flows down the spiral into cups placed at its base and 
if necessary also at intervals up the spiral. The full spiral 
gives a higher yield than any other system and requires the 
least amount of labour, but it is the most drastic method 
and is therefore employed principally for trees to be removed 
in thinnings. 

M erring-bone systems .—A vertical groove is made in 
the bark, extending from a height of 5 or 6 feet to the base 
of the tree. Oblique incisions up to 6 inches or more in 
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length and about a foot apart are then made from this 
vertical groove upwards in a slanting direction. If these 
incisions are made alternately on either side of the vertical 
groove the system is known as the full herring-bone , and if 
only on one side of it, the half herring-bone (vide Plate 
XX, figs. 3 and 4). The latex is obtained from the 
oblique incisions, the vertical groove conveying it to a 
vessel placed at its base. At each consecutive tapping a 
thin paring of cortex is removed from the lower side of the 
oblique incisions, and this process goes on till all the space 
between the various oblique incisions has been used up. 
The half herring-bone is now generally preferred to the full 
herring-bone system, as it is less severe. By the half 
herring-bone system one quarter of the circumference of the 
bole can be tapped each year, the tapping of the tree thus 
extending over 4 years, by which time, so far as experience 
goes at present, the originally tapped area is again ready for 
tapping. 

V-tapping , that is, tapping by V-shaped incisions, has 
been extensively employed, but has been largely discarded 
in favour of the herring-bone system. Where the V-shaped 
incisions are scattered over the trunk of the tree collection 
of the latex is laborious, as it has to be done separately for 
each incision, while the flow of latex does not continue so 
long as in the lierving-bone systems (sometimes for not 
longer than two months), the tappable area becoming 
exhausted more quickly. 

Pricking .—In order to prevent too much damage to 
the cortex, pricking instruments have been brought into 
use either in conjunction with, or as substitutes for, paring 
instruments. In some cases good results have been obtained 
by pricking methods, but further experience is necessary 
before determining whether or not they are preferable to the 
usual paring methods. 


6 . Yield of Rubber . 

The yield of rubber varies greatly according to locality, 
and the size, age and general condition of the trees. In 
Malaya 10 oz. to 1 lb. of dry rubber per tree is obtained 
from 6-year old plantations; this increases gradually to 3 lbs. 
as the trees reach an age of 10 years. Higher yields 
are expected when the plantations are older. Older trees 
have actually yielded as much as 25 lbs. each, and in 




Full spiral (3 incisions). 
Half spiral 3 incisions). 
Full horring-bone. 

Half herring-bone. 
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Perak eight trees 17 years of age have yielded 28} lbs. per 

^As regards yield per acre, good plantations in Malaya 
are generally estimated to yield 100 lbs. of rubber per acre 
per annum at an age of 5 or 6 years, and at an age of 
10. years they may be expected to give 3 or 4 times this 

Whether or not the plantations of India and Burma 
will give as high a yield remains to be seen. 

7. Preparation of Rubber. 

Solid rubber can be obtained by allowing the latex to 
dry naturally, but this method is not satisfactory, for besides 
the fact that it is liable to contain impurities, the latex is apt 
to putrefy if left standing, and hence special methods ot 
preparing tlie rubber are necessary. 

Centrifugalization, that is the separation of the 
rubber particles by means of a centrifugal machine, "which is 
successful with Castilloo rubber, has been tried repeatedl\ 
for Uevea rubber, but without much success. Goo.gulo.tiou 
with special reagents therefore has to be employed. Coagula¬ 
tion by boiling, which is successsful for Ceara rubber, is not 
successful in the case of Uevea rubber The latter however, 
coagulates readily with the addition of even a small quantity 
of acid, and this‘is the method commonly . employed in the 
East. Several acids have been tried, of which acetic acid has 
been found the most satisfactory, for although a larger 
quantity of it by weight is required to produce coagulation 
than in the case of other acids, there is a greater margin of 
safety if an excess is added, a very slight excess of some 
acids preventing coagulation. Certain salts have been tried 
for the coagulation of Uevea rubber, the most successful 
bein" mercuric chloride (corrosive sublimate), which however, 
has the disadvantage of being a very poisonous substance, 
though it has the advantage of preserving the rubber made 
with it. Rubber prepared with acetic acid will get mouldy 
and deteriorate if not kept dry ; creosote may be used as an 
antiseptic, but much of the plantation rubber is not cured 
with antiseptics, as it is prepared in thin sheets and dries 
rapidly. The method employed in the Amazon valley with 
natural Uevea rubber is to smoke it, the smoke containing 
small quantities of acetic acid and creosote. I his method is 
advocated by some for the plantation rubber in the East 
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Various coagulating machines are in use, and for the subse¬ 
quent preparation of rubber for the market washing and 
drying machines and rollers are employed. Various commer¬ 
cial forms of rubber are produced in the plantations of the 
East, the chief being (1) Sheet rubber, in large thin sheets, 
usually rectangular in shape, obtained by coagulation in shallow 
vessels and then rolling, (2) Biscuits , or thin flat cakes of cir¬ 
cular shape, usually ^ inch to •§■ inch thick and 10 inches 
to 14 inches in diameter, prepared in the same way as sheet 
rubber, (3) Worms , or thin worm-like pieces of unequal 
length, consisting of the parings of irregular sheets, (4 ) Crepe 
rubber, very thin sheets with a crinkled appearance owing to 
the stretching and tearing they have undergone in the washing 
and rolling machines, (5) Lace rubber, long, very thin perfora¬ 
ted sheets resembling lace, (6) Bloch rubber, which is pressed 
into solid blocks, and when properly manufactured commands 
a higher price on the market than any other form of rubber, 
(7) Scrap rubber, an inferior grade of rubber, consisting 
chiefly of pickings of coagulated latex from the tapping- 
wounds in the trees, and containing many impurities. 
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CHAPTER X. 

Drugs, Spices and Fish-Poisons. 

Section I.—Drugs and Spices. 


There are so many drugs obtained from Indian plants 
that a complete enumeration of them would fill a large 
volume ; a feiv examples must therefore suffice. Among 
medicinal barbs may be mentioned those of Soymida febri - 
fugci, used as a febrifuge and stimulant, Careya arborea , an 
astringent, Holarrhena antidy sent erica, used in dysentery 
and as a tonic and febrifuge, Myrica Nagi s an aromatic 
stimulant, and Cinchona spp., which yield the well-known 
quinine and other similar alkaloids used for fever. The cin¬ 
chonas are not indigenous in India, having been introduced 
from South America in I860 ; they are, however, largely 
cultivated. 

The cc Cassia-bark ” of commerce, an aromatic medicinal 
bark, is obtained from Cinnamomum Tamala , while 
C. zeylanicvm yields the cinnamon bark so largely used as a 
spice. An extract from the bark and wood of several species 
of Berberis is used as a tonic and febrifuge. 

The Aconites —Aconitum spp., chiefly A. ferox , order 
Banunculacece —are herbaceous plants found in the Alpine 
and Sub-Alpine regions of the Himalayas ; they yield impor¬ 
tant drugs and poisons. The Cliireta —Swertia Chirata , 
Centianacecc —is a herbaceous plant of the Temperate 
Himalayas ; the dried plant is used as a tonic and febrifuge. 
Bodophyllum Emodi , a herbaceous plant with a perennial 
rhizome, growing at temperate elevations in the Himalayas 
and Kashmir, produces the valuable drug Podophyllin, a resin 
extracted from 1 the rhizomes and roots. This drug was 
formerly obtained only from Podophyllum peUatnm , an 
American species, but it has been found that the Indian 

species contains a larger proportion of resin than the 
American plant, so t hat there appears every chance of a 
profitable market being established for the Indian drug in 
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places where it can be collected and extracted cheaply. Kutli 
+ F n 11 is singly-scented root of Saussurea Lappa, a 
tail herbaceous plant found in Kashmir, used as a stimulant 
^ f^in diseases, also in perfumery, and to keep insects 
mi clothes ; large quantities are collected and exported from 
Kashmir. The roots are dug up in September and October, 
cut into pieces a few inches long, and exported either without 
any further preparation or after being dried in the smoke of 
a nre of green twigs. 

Many leaves are used in medicine. The leaves of Cassia 
angustifolia , introduced from Arabia and cultivated in India, 
constitute the purgative drug senna. Those of Melia indica 
and a few others are used to keepl insects off clothes. The 
leaves of Melaleuca Leucadendron yield die Caiuput oil of 
commerce, used internally as a stimulant and externally as 
an embrocation. J 

The aromatic leaves of Cinnamomum Tamala are known 
as tejpat and are commonly sold in bazaars for use as a 
spice and as a drug for dyspepsia and other complaints. 

Many fruits and seeds yield valuable drugs. The seeds of 
Butea frondosa are used as a vermifuge for elephants and 
horses ; those of Ccesalpinia Bonducella (the <{ fever-nut ”) 
are pounded and used as a tonic and febrifuge. The pulp of 
the pods of Cassia Fistula is a strong purgative, while 
Tamarindus indica supplies a laxative medicine from the 
pulp of its pods. The pulp of the fruits of JEgle Marmelos 
is used for dysentery and as a laxative. The seeds of the 
Strychnos A ux-Fomica, which yield the alkaloids strychnine 
and brucine, form an important article of trade. The fruit 
is a large orange-coloured berry containing a pulp in which 
the round, flat silvery seeds are embedded ; to be conimer- 
t , v!, y valuable, the seeds should he washed out oi the pulp, 

iUtu not picked ii() off the ground, when they lose their silvery 

appear*me and are dull coloured. 

Ilic small red seuds of Abrus precatorius , well known as 
goldsmith’s weights, contain a violent poison which is 
sometimes put to criminal use, particularly In the poisoning 
ol cattle by hide-contractors. The seeds are ground down to 
a paste with a little cold water and made up into small 
pointed cylinders, which if inserted below the skin of a 
hmnau being or of a grazing animal, cause death in a few 
hom*. The poison is closely akin to that of snakes, 
i 1 wi df ‘ Htr °ys poisonous property, and when well 
boiled the seeds may be eaten. 
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“ Cardamoms ” form an important article of trade. These 
are the capsules of two species of plants belonging to the 
order Scitaminece, containing seeds which are used as an 
aromatic drug and as spice for flavouring purposes. The 
lesser or Malabar cardamom, which is the better kind, is 
furnished by Elettaria Cardamomum, a large perennial 
herb which sends up long flowering scapes, the fruit being 
ready for collection in October and November : this plant is 
found wild in the rich, moist forests of many parts of 
Southern India and Burma, and is also largely cultivated. 
The greater cardamom is yielded by Amomum subulatum, a 
native of Nepal: it is of less value than the lesser cardamom, 
and is employed as a cheap substitute for it. 

The flow r er-heads of the herbaceous plant Spilanthes 
Acmella (order Compositce), found throughout the greater 
part of India, are very acrid, and are used as a stimulant. 

Section II.— Eish-Poisons. 

Although fish-poisons are to be regarded as destructive 
agencies rather than as Economic products, it is important 
that the Eorest Officer should have some knowledge regarding 
the principal sources of these poisons. 

Among barks employed to poison fish may be mentioned 
those of Ougeinia dalbergioides, Walsura piscidia, Mundulea 
suberosa, Flueggea microcar pa, Barringtonia acutangula, 
Berberis aristata, Myrica Nagi, Albizzia procera , and 
several others. 

The roots of Millettia pacliycarpa and the chopped stems 
of certain species of Euphorbia are used as fish-poisons. 
Among fruits and seeds may be mentioned those of Sajnum 

tndimm (seeds), Ranclia dumclorum (fruit), (Jynocardia 
odoraia (fruit pulp), Case aria graveolens rind C. tommtosa 

(fruit), Mundulea suberosa (seeds), JJiospyros montana 
(fruit), Barringtonia spp. (seeds), llydnocarpus venenata, 
and 11. Wightiana (fruit). The flower-heads of the com¬ 
posite plant Spilanthes Acmella, referred to above, are often 
used for poisoning fish. 

Under this head may be included Antiaris toxic aria, a 
large evergreen tree of Burma and the Western Ghats which 
exudes a white resin used as a poison for tipping arrows to 
kill game. 
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CHAPTER X. 

Edible Product*. 

Section I.— Edible Elowers, Ertjits and Seeds. 

We cannot here consider the various cultivated fruit 
trees, as their fruits can hardly he included as forest produce 
in the usual sense of the word. Among forest trees and 
shrubs there are many which yield edible fruits and are 
often of great value in times of famine, for example those of 
Billenia pentagyna, Bassia latifolici , Berber is spp., Garcinia 
spp., Grewia spp., Citrus spp., Zizyphus Jujuba , Schleichera 
trijug a , Spondias mangijera , Bubus spp., Brunus spp., 
Pgr us spp., Diosjiyros spp., Carissa Carandcis , C. macro - 
pliylla , Baccaurea sapida , Moms alba , jPicws spp., Eugenia 
Jambolana , Mimusops Elengi , M, hexandra , Ficus glonier- 
ata , and many others. The seed of JDendrocalamus stricltis 
is collected and eaten in time of famine ; the collection is 
effected by shaking the bamboos when the seed is ripe and 
collecting it on cloths spread on the ground; the seed is 
then winnowed by hand to remove that which contains no 
grain. The fruits of FEgle Marmelos are used for making 
conserve *, those of Capparis horrida , Spondias mangifera 
and Phyllanlhus Emblica are pickled, while the fruits and 
flower-buds of Capparis aphylla are eaten, usually pickled. 
The large fleshy peduncles of the fruit of Ilovenia dulcis 
are edible. 

Among edible seeds may be mentioned those of Pinus 
Gerardiana , which grows in the North-West Himalayas and 
Afghanistan ; the seeds are largely brought into India for 
sale from’Afghanistan. The seeds of Buchanania latifolia , 
Corylus Column > Indigofer a glandulosa , JEsculus indica , 
Bauhinia Vahlid, and the kernels of Terminalia belerica, 
are also eaten. Anacardium occidentals furnishes the well- 
known Cashew nuts; this tree was originally introduced 
from America, but has established itself in some of the coast 
forests of India ; the kernels are separated from the fleshy 
peduncles to which they are attached, and are dried and 
roasted before use. 
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Among edible flowers perhaps the most important are 
those yielded by Bcissia Icitifolia (the Mahwa or Mhoicrci); 
the corollas of these flowers are eaten fresh or dried, ground, 5 
and mixed with flour for bread, or are distilled into Maliwa 
spirit, an intoxicating liquor. The flowers are collected as 
they fall on clean spaces swept on the ground under the trees, 
the collection taking jflace in the hot season : the flowers 
of Bcissia longifolia are used in the same way in Southern 
India, those of Rhododendron arbor cum are made into jam. 
The flowers of Ougeinia dalbergioides and the flower-buds 
of Bauhinia variegata , Bornbax malabaricum and Moringa 
Vterygosperma are eaten as vegetables. 

Section II.— Starchy Products. 


Starchy products are obtained from the inner soft tissue 
oi the stems of certain palms and cycads such as Cciryota 
urens , TJ allichia distich a , Phoenix acaulis , Borctssus /label- 
hfer, Corypha umbraculifora (the Talipot palm), Arcnga 
saccharifera , Cyccis Rumphii , and C. pectinaba. ' The soft 
starchy tissues are often cooked and eaten as they are, but 
the starch can easily be extracted by crushing the tissues 
and washing them well in water ; the liquid is then passed 
through a sieve and the water allowed to evaporate, the 
starch remaining behind. The starchy tissues are sometimes 
dried and then ground to powder before being placed in the 
water. 

There are many plants in India whose tubers or corns 
contain large quantities of starch and arc used as articles of 
diet, for example Dioscoreci spp. (Yams), Puer»ria tuberosa, 

9- leguminous climber with large tubers. Curcuma angusti- 
folia , the East Indian arrowroot, several of the Aroiclece 
( A??iorphophallas , Colocasia, Nelumbivm , Aram, etc.), and 
many other plants. Many of these starchy tubers contain 
poisons which have to be extracted by soaking for 3 or 4 
days in water, or by placing in running water for a couple 
of days, with subsequent boiling. 


Section III U — Sugary Sap. 


Sugary sap is yielded by various species of palms, the 
chief of which are Cocos nucifera (the cocoanut-palm), 
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Borassus Jlabellifer (the palmyra or toddy-palm), Caryota 
urens (the sago-palm), Arenga saccharifera , Nipafruticans, 
and Phoenix sylvestris (the wild date-palm). 

In all but the last of these the sap is obtained from the cut 
stalk of the inflorescence (spadix) before the flowers open, 
an earthen vessel being tied to the cut end of the stalk to 
receive the sap, 'which is emptied out as a rule twice a day. A 
thin slice is pared off the cut end of the stalk from time to 
time to renew the wound and cause a further flow of sap. 

In the case of the cocoanut-palm and the sago-palm the 
spadix is flrst prepared for several days by beating, crushing, 
and cutting in order to induce the sap to flow, after which 
preliminary treatment the vessel is tied to the stalk ; further 
twisting and crushing of the stalk is carried out at intervals 
throughout the season in the case of the sago-palm. 

The sap of Phoenix sylvestris is obtained by cutting a 
notch in the soft wood at the base of the lowest living leaves, 
and a vessel is tied to the tree to catch the juice. The wound 
is renewed from time to time by paring off a thin slice, so 
that by the end of the season there is a large notch in the tree. 
In the following year the notch is cut on the opposite side ; 
thus the tree in time gets a curious zig-zag appearance. The 
tapping season commences in October and ends in March. 

The sap obtained from these palms is used for drinking, 
either fresh or after being fermented into an intoxicating 
liquor ; vinegar is also made from the fermented sap, while 
the juice is largely employed for boiling down into raw sugar 
known as jaggery or gur, which is further refined into sugar. 


Section IV.— Ftjngi and Lichens. 

Certain species of edible fungi are exported from the 
forests for trade, or are consumed locally. Large quantities 
of an edible fungus known as the morell (Morcliella esculenta) 
are exported to the plains from Kashmir and elsewhere in the 
Himalayas; these are collected in April and strung up on a 
string to dry in the sun previous to export. There are also 
various edible fungi of less importance obtained from the forests. 

Edible truffles, known in Burma as kaing-n , are obtained 
in the rainy season. From the roots of the kaing (elephant 
grass) while another form of edible truffle grows on the roots 
of Pinu8 Khasya. 

In certain parts of Madras edible lichens, of the genus 
Parmelia , are collected during April and May. 
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CHAPTER XI. 

Materials used for Basket-work and Matting. 

Section I.— Basket-work. 

Baskets and basket-work articles are most largely made 
from canes and bamboos. Of the former tbe best known are 
(1) Calamus tenuis , the common rattan of Northern India, 
largely used for basket-work, chairs, screens, etc., (2) 
C. Rotang , the common rattan of Southern India, used for 
similar purposes, but is not very strong, (3) C. acantho - 
spathus , (Syn. C. montanus ), the best of the Eastern Hima¬ 
layan rattans ; somewhat thick, and used for chairs, cane- 
bridges, etc., (4) C. latifolius, a thick strong rattan of the 
Eastern Himalayas, used for similar purposes. There are 
several other canes or climbing palms used for basket-work, 
among the latter being certain species of JDcemonorops and 
Rleciocomia , which, however, have somewhat soft stems, and 
are inferior to most of the true canes ( Calamus spp.). 

Many species of bamboos are used for basket-work, the 
first year’s culms being preferred owing to their pliability. 

Many dicotyledonous species are also employed, the chief 
requisites being pliability (for which reason green stems 
should be used), toughness, and a fair degree of rigidity 
after drying; of these species the twigs and coppice shoots are 
generally used. The following are among the more import¬ 
ant dicotyledonous plants, the stems or twigs of which are 
nsed for basket-work :— 

Acacia avabica , Alnus nitida , Butea frondosa , JDalbergia 
Sissoo , Grewia oppositifolia , Helicteres Isora , Indigogera 
a tropurpurea, I. heterantha , Morns alba , Nyctanthes Arbor - 
tristis , Orthanthera viminea y Parrotia Jacquemontiana , 
Butranjiva Roxburghii , Rhus Cotinus, R- mysorensis, Salix 
s pp., Tamarix dioica , Tiliacora racemosa y Vitex Neg undo, 
r . trifolia. 

The leaf-petioles of certain palms are used for basket- 
work, chiefly those of Borassus flabellifer , Caryota urens , 
Nannorhops Ritchieana, and Phoenix sylvestris. 
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The use of grasses for basket-work and mats has been 
referred to on page 161. 


Section II—Mats. 

Many species of bamboos are used for matting, among 
the principal being JBcimbusa Tuldct , P. pallida, J3. arun - 
dinacea, Dendrocalamusst rictus, Cephalost achy urn pergracile 
and Melocanna bambusoides. 

Palm leaves form an important source of matting 
material, the leaves chiefly used being those of Borassus 
Jlabellifer, Cocos nucifera, Coryplia umbraculifera, Licuala 
peltata , Livistonia Jenhinsiana , Nannorhops Uitcliieana , 
Phoenix sylvestris and other date-palms. 

Among other plants used are certain rushes (particularly 
Juncus effnsus ), sedges ( Cyperns spp.), and canes, as well as 
the leaves of the screw-pine (Pandanns odoratissimus), the 
aloe ( Agave americana ) and the aquatic herbaceous plants 
Typha angustifolia and T. elephantma. 

The “ coir ” mats so largely used are made of the fibre 
round the cocoanut fruit. 
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CHAPTER XII. 

Minor Products used in the Manufacture of Paper. 

Most fibres employed for rope-making and spinning can 
be used for paper manufacture. Tlxe bast-fibre of Strebhis 
asper is used for the purpose in Siam, while that of Brousson- 
etia papytifera, the “ paper mulberry,” is extensively used 
in Japan and in the Shan States of Burma. The Nenal 
paper, employed in Northern India for deeds and other 
permanent records on account of its great durability, is made 
from the bast fibre of Daplino cannabina . 

Of recent years special attention has been devoted to the 
question of utilizing bamboos and grasses for the manufac¬ 
ture of paper-pulp. Detailed experiments have revealed the 
tact that m bamboos of all kinds we have a most important 
and extensive source of supply of raw material for the manu¬ 
facture of a good quality of pulp. Various grasses, some of 
which are very plentiful, have also been found to produce 
pifipof good quality; the chief of these are Saceharum of 
different species, Ischcemum angustifolium (bhaber "rassl 
Antliisteria gigantea (ulla grass), a tall grass abundant on 
the open blanks in sal forests, and Hie Icaing grass of Burma 
embracing different species of tall coarse grasses, some of 
which cover extensive areas on alluvial flats near streams. 

Details regarding the manufacture of paper pulp will be 
found on pages 281 to 287. 
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CHAPTER XIII. 


Miscellaneous Minor Products of Vegetable Origin. 

• 

In this chapter are included a number of miscellaneous 
minor products which cannot he conveniently classified under 
any of the main heads already dealt with. 

Section I.— Products from Stems and Boots. 

The sola or pith used for manufacturing hats is obtained 
from the stems of JEschynomene asp era, a leguminous 
aquatic plant found in and around lakes and tanks through¬ 
out Bengal and in parts of Assam, Burma, Southern India 
and elsewhere. In Bengal and Assam there is a regular in¬ 
dustry in pith working, the so-called pith which is in reality 
soft white pith-like wood, being obtained from the thicker 
portions of the stems. The stems are cut into lengths of 
2 or 3 feet and dried, the bark being then removed, leaving 
the so-called pith, which for the manufacture of hats is slit 
into thin sheets. A harder and inferior grade of pith is ob¬ 
tained from JEschynomene indica , which is less aquatic in its 
habits and is often found above water-level. The so-called 
pith of this plant is largely used for the manufacture of sola 
topees, a surface-dressing of Bengal pith being added ; it is 
also used for making artificial flowers. 

“Barilla” is carbonate of soda obtained from the ashes 
of certain saline plants of Sind, the Punjab, and elsewhere, 
of the order Chenopodiaceoe ( Suceda , Salsola , Kaloxylon and 
other ,genera) ; the same substance is obtained from the 
efflorescence in the soil, known as rek, found in many parts 
of India. In the Punjab barilla is prepared by cutting the 
plants when in flower, drying them, and burning them over 
a basin-shaped hollow in the ground ; in burning the plant 
gives out a liquid substance which settles in the bottom of 
the pit and is stirred up with the living coals arid ash; the 
glowing mass is then covered with earth until it cools, and 
after three or four days is re-opened, when a quantity of 
barilla is found at the bottom of the pit. 
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“Pearl-ash 55 is quite a different substance, a form of 
potassium carbonate obtained from the ashes of a large 
number of plants of no particular genus. 

The bark of Acacia leucophlcea is used to clarify the 
toddy of the palmyra palm through the precijntation, by 
means of its tannin, of tlie albumen in the palm juice; that 
of Grewia asiatica is used for clarifying sugar. The bark 
of Betida utilis is employed as writing paper and for 
packing, umbrellas, roofing houses, and other purposes. 

Slow-matches, or fuses, are made from the barks of 
Oareyct arborea , Bauhinia racemose, Cordia Myxa , Butea 
frondosa (root-bark), TJlmus Wallichiana, and other species. 

Section II.— Leaves. 

Leaves most largely used for thatching are those of 
several species of palm, for example Nipafruticans, Fina r nga 
OraciUs Licuala - peltate, Limstonia Jenkinsiana, Borassus 
JlaoelUfer, Cocos nucif era, W’cillicliia spp., and others. Many 
°];k er broad kinds of leaves are also employed, such as those 
or teak, Bauhinia Valilii, Billenia pentagyna, Fterospermuni 
acerifolium, Butea frondosa, etc. These leaves are often 
used in conjunction with grass thatch : before use they should 
be pressed flat in bundles and partially dried. 

Certain large leaves, such as those of teak, Bmhinia Valilii, 
and Butea frondosa, are used for umbrellas, cups and plates. ’ 

Cheroot-wrappers are made out of various kinds of leaves, 
the species most commonly used being Cordia Myxa (Burma), 
Biospyros tomentosa (Central Provinces and Bombay),’ 
Carey a arborea (Burma), Bauhinia racemose, B. variegate, 
and Shorea robust a (used by the Santals). 

Certain rough leaves are used to polish wood, ivory, and 
^ rn , for example those of Streblus asper , Trema politoria , 
Ficus gibbosa, F. asperrima, F. Cunia, Belima sarmentosa, 
Billenia indica , and Nyctantlies Arbor-tristis. 


Section III.— Bruits and Seeds. 

The fruits of Sapindus emarginatus (the “ soapnut 99 
Iruit) are largely used as a substitute for soap; other soap- 
substitutes are the pods of Acacia concinna and A. Intsia, 
a nd the pulp of the fruit of Balanites BoxburgJm . 

The fruit of Biospyros Fmbryopteris contains a viscid 
pulp used as gum in book-binding, and as a substitute for tar 
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for paying the seams of boats. Semecarpiis Anacardium is 
known as the marking-nut tree, because in its fruit is a 
corrosive juice which is used as marking Ink. 

Among cucurbitaceous fruits may he mentioned the well- 
known bottle-gourd (Lagenaria vulgaris) used for holding 
water, and the fruit of Luffa acutangnla , the fibrous portion 
of which, after the pulp has been removed, is used as a 
flesh-brush. 

The small hard red seeds of the common climber Abrus 
precatorius are used as goldsmiths* weights : the large brown 
seeds of the climber Entada scandens are hollowed out 
and made into snuff-boxes. The flat winged seeds of 
Oroxylum indicim are used for lining hats and, placed be¬ 
tween two layers of wicker-work, for covering umbrellas. ~ 
Many kinds of hard, and often ornamental, seeds are used 
as beads, holes being drilled through them to enable them to 
be strung together. The best examples are the small bright 
red seeds of Abrus precatorius ( rati or crab’s-eyes), the scarlet 
seeds of Adenanthera pavonina , somewhat similar to but 
larger than those of Abrus , and without its black spot, the 
greenish-grey seeds of Gcesalpi/nia Bonducella , the “ fever- 
nut,” the round black seeds of the Canna (Ganna i?idica% 
known as “ Indian shot,” the grains of the grass Coix lack - 
ryma or “ Job’s tears,” which grows in marshy ground, the 
nuts of the palm Corypha umbrae ulifera, worn as beads by 
Hindu devotees, the grooved nuts of the Rudrahsha ( Blceocar - 
pus Ganitrus), worn as necklaces by followers of Shiva, the 
large seeds of the climber Entacla scandens , used for making 
bead-chicks, the stones of the fleshy fruit of Melia indica, 
the Nim or bead-tree, worn as a charm against infection 
from small-pox and other diseases, and the hard nuts of 
Butranjiva Roxburghii, worn as rosaries to avert the evil eye. 

Several of these seeds aro used in the “ seed and bead 
industry,” a Missionary enterprise of Bombay which turns 
out very ornamental articles from seeds, either alone or in 
conjunction with beads, the articles manufactured being 
necklaces, ladies’ hat-pins, bead-chicks, etc. Bor the hat¬ 
pins the seeds most commonly employed are those of Gcesal- 
pinia Bonducella , Blceocarpus Ganitrus and Marty nia 
diandra. The last named plant was originally introduced 
from America, but has become naturalized in India. The 
seeds have a pair of sharp hard curved claws, and are made 
to imitate beetles, a pair of bright beads being inserted as eyes. 
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CHAPTER XIV. 

Animal Products, including Hunting, Fishing and 
Elephant-catching. 

The most important animal products with which Eorestry 
is directly or indirectly concerned in India are (1) lac, (2) 
silk, (3) honey and wax, (4) hides, horns, hones, and ivory, 
and (5) certain miscellaneous products. Under the head 
oi animal products may also be included hunting, fishing 
and elephant-catching. 


Section I. —Lac. 


1. General Account. 

Lac is a resinous incrustation on the twigs of various trees 
produced by a minute Hemipterous insect called Tachardia 
Lacca, Kerr, (syn. Coccus Lacca) of the family Coccidce 
It is quite probable, however, that some of the lac ascribed to 
this species is in reality produced by other species. It is 
known that lac is also produced by T. fici, Gr. and T. albizzice, 
,JUtltls not yet clear how many species actually produce 
i c ! 01 ? ven T. Lacca is the chief lac-producing species, 
ins resinous substance contains a crimson dye known as lac 
if* which was formerly of great value, but has been almost 
entirely driven out of the market since the introduction of 
aniline dyes. The resinous substance known commercially 
as shellac is, however, of great commercial value, being used 
m the manufacture of varnishes, cements, sealing wax, lacquer 
work, lithographic ink, gramophone records, and many oilier 
purposes. 

The lac insect feeds on the juicy twigs of various species 
of trees. The best lae is produced on ScUcichera trijug 
there are many other good lac-producing trees, notably 
Rutea frondosa, Zizyphus Jujuba, Shore a Taliir a, Ficus spp., 
Acacia arabica , and many others. 
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.l be la c ufflect lias many enemies. The caterpillars of 
ceitam moths eat the lac larvae, while monkeys and birds 
also damage the lac. Ants are often found in numbers on the 
‘ ’ there is considerable difference of opinion as to the 
amount of damage they do. Heavy rain is very destructive, 
particularly at swarming times, when large numbers of larvte 
are washed away ; jungle fires also do great damage. 

2. Lif e History of the Lac Insect. 

The minute larvm of the lac insect generally swarm at 
two seasons of the year. The actual time varies considerably in 
different localities ; as a rule one swarming takes place earlY 
m the rainy season and the other early in the cold weather 
The swarming continues as a rule for about 10 days to a- 
fortnight, sometimes longer; during this time the twigs 
become reddish m colour with the large numbers of minute 

wf w ‘i ^ hlch , aro covered. The females, which 

have hatched out these larvae within the resinous mass, die 

th f i larV£E have \ a< ? hed) or be said to be mere 
shells full of larvae even before the latter swarm out. On 

swarming out the larvm quickly spread over the twigs and 
teed on them by sucking out the juice, meanwhile covering 
themselves with a resinous incrustation; when the males 
become mature they in turn swarm out and impregnate the 
females, which remain in cells within the resinous mass and 
mng forth the next brood of larvae, the same process being 
repeated cycle after cycle. The males die after im pregnat- 
mg the females. The swarming of the perfect males takes 
place, about 2| months after the swarming of the Jarvce • the 
males of the first brood are wingless and\hose of tlm second 
brood have °ne pair of long transparent wings. In some 
localities there are three broods in the year; in this case it is 
quite possible that the species is not the same as the two 
brood species. 

3. Propagation of Lac. 

To propagate lac pieces of brood-lac about 6 to 12 inches 
long are tied up in the upper parts of the trees, surrounded 
with straw to protect them from the weather; this brood- 
Jac, or seed-lac as it is sometimes called, is merely lac from 

beliSJMT!? h f e n ?* yet SWarmed - In weather, it is 

l hes l vaw does more harm than good> asitmakes 

the brood-lac too damp, lhe brood-lac should not be cut off 
the parent tree until it is nearly time for the larvse to 
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swarm, otherwise the loss of sap from the twig will result in 
the death of the female, and no larvae will he produced. 
For this purpose the actual dates of swarming in each 
locality should he noted and recorded, as they are more or 
less the same in each year. Care should he taken not to tie 
the brood-lac tightly round with string, as this is apt to 
destroy many larvae. The twigs of the tree to which the 
brood-lac is transferred should not be harder than those of 
the parent tree, otherwise the larvae may not have strength 
to feed on their new host. The lac can best he grown on 
pollarded trees, as these produce more juicy twigs. When 
lac is once established on a tree in order to maintain a 
permanent supply, a common practice is to leave a few 
branches with lac on them at the time the cutting of 
lac-covered branches for the market is carried out. It 
is probable, however, that higher yields will be obtainable by 
complete pollarding, the trees being worked in rotation and 
the new crop being produced entirely from bundles of brood- 
lac tied up at each swarming time. Experiments in this 
direction are in progress at the Forest Research Institute. 

4. Collection of Lac. 

If the desire is to preserve the lac dye, which is contained 
in the larvse, the lac should be collected before the larvic 
swarm out, that is, normally in May and June and in October 
and November. As lac dye now has little value there seems 
to be no reason why the lac should not be collected for the 
market after the larvae swarm, as this would facilitate the 
spread of the lac naturally and would also make the process 
of preparing shellac easier. The habit, however, of collect¬ 
ing the lac while the larvae are still in it is generally adhered 
to. The principal reason for this is that the time during 
which the lac while on the tree has to be guarded day and 
night from theft is shortened. The lac is collected by cutting 
off the twigs which are encrusted with the lac; in this un¬ 
prepared condition it is termed stick-lac. 

5. Preparation of Lac Lye. 

The stick-lac on being brought in from the forest is broken 
into short pieces and crushed to loosen the lac from the 
pieces of twigs, the lac being then separated from the wood, 
bark, and other useless material; in this state the lac is com¬ 
mercially called seed-lac, though, as already stated, this 
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term is also used for brood-lac. This lac is placed in water 
in a stone trough or tub for 24 hours, after which it is pressed 
and ground against the rough surface of the trough by a 
twisting motion of the feet of a person standing in the 
trough; this washes out the dye from the lac, the water be¬ 
coming dark crimson in colour. By means of two or three 
changes of water all the dye is thus extracted from the lac ; 
the liquid is strained and the dye is allowed to settle, precip¬ 
itation being aided by the addition of lime or alum. The 
water is then drawn off and the sediment is pressed into 
cakes and dried. 


6. Preparation of Shellac. 

The lac, from which the dye has been extracted, is packed' 
in long narrow cloth bags, which are then held in front of 
charcoal or coke fires specially constructed to throw the heat 
out in front; one man holds one end of the bag and another 
the other end, each twisting in opposite directions, with the 
result that the lac, which is melted with the heat, drips 
through the cloth on to plantain stems or polished tiles placed 
below. The next part of the process is to stretch the shellac 
into fine sheets like paper. This is done by squeezing the 
molten lac out along a plantain stem or a porcelain tube filled 
with hot water; this sheet of lac is then trimmed at each 
end, held fairly near the fire and stretched to fully double the 
size, after which it is laid on a mat and carried further and 
further away from the fire to allow it to cool slowly. These 
thin sheets of lac are known as shellac ; defective parts are 
broken out of them, and all the fragments of shellac are 
sorted into different qualities for the market. Only the 
finer qualities of seed-lac are made into shellac. Button-lac 
is produced by allowing the lac squeezed from the melting- 
bag to fall on a smooth surface into circular pieces about an 
inch and a half in diameter. 

For certain classes of shellac it is necessary to mix the lac 
before it is put into the melting-hag, with orpiment (yellow 
arsenic) or rosin, or both ; the former makes the shellac 
opaque and gives it a pale yellow colour characteristic of 
some of the better qualities of shellac, while the latter, which 
should not exceed 2 to 5 per cent., serves to lower the melt¬ 
ing-point of the shellac, a property required in certain 
imlustms. Rosiu being cheaper than lac, care is necessary 

to guard against the mixture of an excess of rosin in the 
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shellac. No admixture of rosin or arsenic is required for the 
preparation of button-lac. 

A trade form of lac which has recently come into promi¬ 
nence is Silk-lac, produced in silk-like threds from alcoholic 
extract. This is considered the best form of lac, as it does 
not block or lose its solubility in alcohol after long storage. 


Section II. — Silk. 

Silk is the fibrous substance obtained from the cocoons 
of various moths, the larvce of which are popularly known 
as silkworms: to obtain the silk the cocoons are placed in 
hot water and the threads of silk are reeled off. Commerc¬ 
ially speaking silkworms are divided into two great divisions, 
the domesticated or mulberry-feeding and the wild or 
non-mulberry f eeding silkworms: this distinction, though 
convenient, is not strictly correct, as many of the so-called 
wild silkworms have been domesticated, while some may feed 
on mulberry leaves. . . 

The domesticated silkworms include various kinds ^ ol: 
Bombyx , by some regarded as mere varieties of one species 
Bombyx Mori ; these are, however, commonly designated _n 
separate specific names. These silkworms comprise the 
domesticated Bombyces which are reared m Bengal, Assam 
the United Provinces, the Punjab, Kashmir, Burma, and 
elsewhere, as well as in China, Japan, and Southern Euiopu 
They are fed on mulberry leaves, the trees being grown as 
pollards or coppice : in India there are two principal species 
of mulberry grown for this purpose, Morns alba in the 
Punjab and Kashmir, and M. indica in Bengal, Assam, 
Burma, the United Provinces, and parts of the Punjab. 

The wild silkworms, which are often partly domesticated, 
belong to several genera, Actias, Anther eea, Attacus, Cricula, 
and a few others : some of these silkworms are reared m 
Bombay, Madras, and other parts oi India where the mill >ciry- 
feeding kinds cannot be reared. The best known of the wild 
silkworms are the Tatar {Anther m PapMa), the Mug* 
(Anthercea Assam*), and the M'i {AUot’Ut '' 1 ')• 
original homo of the Tasar silkworm is behoved to be the 
northern part of the Peninsula, comprising part ol the Oen- 
teal Provinces and Chota Nagpur., it extends occasionally 
to the foot of the Himalayas and into Assam and Madras. 
It is essentially a forest insect, feeding on the leaves of a 

largo variety of trees, among which are Bombax malabancim 9 
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Eugenia Jambolana , Ficus spp., Shol'ca robusta , Terminalia 
spp., and others. The Mug a silkworm is a native of Eastern 
Bengal and Assam, extending into the north of Burma; its 
chief foods are Machilus odoratissima , Lit see a spp., and a few 
others. The Eri silkworm is met with chiefly in Assam, 
where its principal food is the castor-oil plant, JRicinus 
communis. 

Section III.— Honey and W ax. 

Honey and wax, produced hy many different species of 
bees, form an extensive item of minor produce in several 
parts of India, particularly where large trees and rocks 
abound, where the bees can find suitable places for building 
their hives. Two of the commonest honey-bees in India are 
Apis dorsatci and A. indica. The former, which builds large 
combs, is found all over India and Burma, but does not 
extend high into the hills ; its domestication has been attempted, 
but without success. Apis indica is a smaller bee, more 
nearly allied to the European honey-bee (A. mollified); this 
bee, which is also found throughout, India and Burma, 
builds small combs, which in the plains do not yield much 
honey, but in the hills, where the bee has been domesticated 
and is artificially reared, considerable supplies of honey are 
obtained. Some of small dammar-bees (Melipona spp.), 
chiefly characteristic of Burma, in addition to producing the 
dark resinous substance known as “ dammar,” also furnish 
a good quality of honey. 

There are various ways of collecting the honey, the com¬ 
monest, in the case of dangerous bees, being for the collector 
to cover himself with a blanket and ascend the tree, driv¬ 
ing the bees out with a lighted torch and then collecting 
the combs in a basket and lowering them down to the ground 
by a long rope: this is often done at night for greater safety. 
In the case of the less dangerous bees such precautions are 
not necessary, the bees being driven off merely by shaking 
the branch on which they have built their comb. Among 
some jungle tribes the honey collectors are said to smear 
their bodies with a substance which renders them immune 
from the attacks of the bees. Two crops of honey are often 
taken From the large bees (Apis dor sala), the first at the 
beginning of the rains and the second soon after their close ; 
tin' first crop is said to produce a better quality of honey 
than the second. As much as 60 to 80 lbs. of honey are 
obtained from some of the large combs. 
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The honey is separated from the wax either by shaving off 
the outer layers of the comb and letting the honey drip out of 
its own accord through a sieve or a piece of muslin, or else 
by squeezing out the honey through a cloth. Where bees 
are artificially reared the honey _ may be extracted by a 
centrifugal machine which leaves the empty comb intact: 
the comb is then.replaced in the hive to be re-filled, the same 
comb often serving over and, over again for a long time. 
Inc common method of obtaining the wax in India is to 
place the comb, from which the honey lias been extracted, 
m boiling water; the wax then melts and floats to the sur- 
Jace, from which it is skimmed. Wax is used for making 
candles, polishing wooden floors, in the manufacture of seal¬ 
ing wax, and for many other purposes. 

Section IV.— Hides, Hokns, Bones, and Ivouy. 


r Ihere is a large trade in hides in India, which has in¬ 
creased with the development of the tanning industry in 
different parts of the country. The trade in hides is chiefly 
in the hands of Mahomedans, as Hindus refuse to deal in 
them owing to religious scruples. The actual collection of 
skins is carried out by chamars, one of the lowest classes, 
who go about skinning the carcases of the numerous animals 
which die in the rural and grazing districts. These 
chamars are often professional cattle-poisoners, and therefore 
care is necessary, in leasing out any forest-grazing area to the 
collection of hides, to see that poisoning is strictly prevented. 

The trade in horns is principally an export one, the chief 
uses of horn being for the manufacture of combs, buttons, 
drinking cups, and other minor articles. True horn is formed 
by the modification of the superficial layers of the skin, and is 
found as a covering to processes of bone in the case of the 
horns of cattle, goats, sheep, antelopes, and similar animals. 
The antlers of deer consist of bone, and have no true horny 
matter; these are normally shed every year, and may be 
collected off the ground, there being a trade in them for the 
manufacture of the handles of knives, sticks, and umbrellas 
and for various small fancy articles. If the collection of 
hornfc-or antlers is permitted care is necessary to prevent the 
killing of animals for the purpose of obtaining them. 

The trade in ivory, obtained from the tusks of elephants 
is small in India, the bulk of the world’s supply of ivory being 
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collected in Africa, where the excessive slaughter of elephants 
in past years has considerably reduced their numbers. 

There is a large export trade in bones, which are collected 
in many parts of India and shipped to Europe, chiefly in the 
form of bone meal for manure. Bone is also used for the 
manufacture of knife-handles, buttons, and other small arti¬ 
cles. Camel-bone is used in the Punjab for inlaying wood¬ 
work (picture-frames, etc.), as a substitute for ivory. 

Section V.— Miscellaneous Animal Peoducts. 

Under this head may be included manna or honey-dew, 
a sweet substance excreted on the leaves and twigs of trees 
by certain aphidce ; the trees frequented are chiefly gregari¬ 
ous conifers and some broad-leaved species. The sweet sub¬ 
stance, which is especially plentiful in dry years, is washed 
off the twigs and leaves with hot water, the liquid being then 
boiled down to the consistency of honey, which it resembles. 
Tlie hill people of the Himalayas collect honey-dew for their 
own use; as an article of trade it is of no importance. 

Shells form an article of minor forest produce in the 
Sunderbans; these are employed for burning into lime, much 
of the finer quality of lime used in betel-chewing being 
obtained from this source. 

Bats' -guano is collected from rocky caves. In Burma 
its principal use appears to be for the manufacture of salt¬ 
petre. The right of collection for the year is usually sold to 
the highest bidder. In Madras it is used as a manure for 
melons. 

Edible birds 9 -nests are found in the Andaman and Nico¬ 
bar Islands, Burma (south Tenasserim), and in one or two 
localities on the Bombay coast. These nests, which are 
largely composed of a gelatinous substance formed by the 
salivary glands of the birds, are made by certain species of 
swift-let (Collocalia spp.), and are much prized by the Chinese 
as an article of food. 

Section VI.— Hunting and Pishing. 


1. Hunting . 

The rest riction of unauthorized hunting, which if carried 
to excess would mean the rapid extinction of game forms an 
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important part of a Forest officer’s duties. The measures to 
be taken to effect this purpose must naturally differ greatly 
according to locality, the regulations being stricter in places 
where shooting is much indulged in than in remote places 
where the game is more or less unmolested. 

The following are the more important points to he con¬ 
sidered in the regulation of hunting :—(1) the establishment 
of a close time for game, whether birds or mammals, during 
the breeding season ; the possession of dead game at such 
seasons should also he made penal: (2) the formation of 
sanctuaries, where no hunting is to be permitted; these 
should not, however, be formed in the neighbourhood of 
cultivation: (3) the division of the forest into shooting 
blocks, in each of which only one party is allowed to shoot at 
a time, and in which only a specified number of head, of 
game may be killed by each party : (4) the issue of shooting 
licenses on payment of fees; these licenses should have 
written on them all necessary conditions as to locality, date, 
number and species of game which may he killed, and other 
provisos : (5) the killing of females and immature males 
should be prohibited : (6) no trapping or poisoning should 
be allowed: (7) special measures may have to be taken in 
the interests of fire-protection, such as the closing of the 
forests during the fire-season and the enfoicement oi rules 
prohibiting the employment of inflammable wads. (S) 
camping should be allowed only in certain specified places, 
in order to facilitate supervision. 

Special measures may have to be taken for the destruc¬ 
tion of game for the protection of field crops; special provi¬ 
sion is also necessary for the destruction of dangerous 
carnivora where these abound. In some parts of Europe a 
certain number of female deer are killed annually to main¬ 
tain a normal proportion of males and females. This system 
would be difficult to apply in the majority of Indian forests 
owing to their extent and to the difficulty of supervising 
any such measure. 

2. Fishing . 


Forest streams are of greater importance than would at 
first sight 'appear, as they form the natural spawning grounds 
of the fish which supply the fisheries in the larger rivers, the 
fish seeking the shade of the trees and the quiet of the jungle 
streams for the purpose of depositing their spawn. Many 
destructive methods of killing fish in a wholesale manner 


MIN/Sr^ 



220 


practised, such as clamming up the streams and scooping 
out all the water, trapping without discrimination as to size 
of fish caught, poisoning or dynamiting the water, wholesale 
slaughter at night with the aid of torches, and other methods. 

The principal measures which may he taken to regulate 
fishing and prevent the indiscriminate killing of fish are (1) 
the issue of permits or granting of leases on payment: (2) 
the prohibition of poisoning, dynamiting, or capture of fish 
of all sizes in a wholesale manner : (3) the fixing of a minim¬ 
um size of mesh for nets or traps used for catching fish: 
(t) the maintenance of shade along streams by prohibiting 
the felling of trees along their banks : (5) the establishment 
of a close time for fish during the spawning season : (6) the 
destruction of otters, which kill large numbers of fish, should 
be encouraged by the offer of rewards, or by trapping or 


shooting. 


Section VII,— Elephant-Catching. 

The capture of wild elephants for the purpose of training 
them to vork in captivity is carried on in many of the forest 
tracts of India, and a work on Eorest Utilization for India 
could hardly be considered complete without a brief account 
of the principal methods employed in their capture. Wild 
elephants commonly go about in herds, which vary in 
numbers. Where fodder is plentiful herds of 30 to 50 are 
usually found,. but herds of 100 or more are not uncommon. 
V here fodder is scarce they divide into smaller parties of 
from 10 to 20. Males are often found in a solitary state, 
either because of their own preference for a solitary life or 
because they have been driven out by the rest of the herd or 
by males more powerful than themselves. 

The principal methods of catching wild elephants are (1) 
m pit-falls, (2) by noosing from the backs of trained ele¬ 
phants, (3) by tying the legs together under cover of female 
decoys, (4) by noosing the hind legs on foot, (5) by enclosing 
m a palisade erected round a salt-lick or pool of water, (6) 
by keddahs. By the first four methods elephants are caught 
singly, while by the last two whole herds may be caught. 
lh “ tallowing is a brief description of each of these 
methods 

(U Pit-falls. —Rectangular pita with sloping sides, 10 to 
12 1* < i deep and of dimensions usually 12' X 12'at the sur¬ 
face sloping to o'xff at the bottom are dug in groups of two 
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to four (usually three) at convenient places throughout the 
ground frequented by tbe elephants, care being taken to 
remove the earth to some distance to avoid creating suspi¬ 
cion. These pits are filled for 4 or 5 feet with small brushwood 
covered with bundles of grass, and" the top is covered over 
with a light platfrom of split bamboos, over which grass 
and dead leaves are strewn in such a way that the covering 
looks like the surrounding ground. The pits must be visited 
every day, and when a fall is discovered the captured elephant 
should be removed without delay : this is done, by fixing a 
rope round the elephant’s neck and throwing billets o± wood 
into the hole until the animal can scramble out. the 
elephant is finally secured with more ropes and. marched oil 
with the help of trained elephants. Unless carried out pro¬ 
perly this system is apt to be a very cruel one. Where pits 
are dug too deep or are not sufficiently filled with grass and 
brushwood to break the elephant’s fall, the animal may be 
severely injured or even killed: again, if the pits are no 
visited daily the chances are that any hapless animal that 
may fall into a pit will die of starvation In the Madras 
Presidency elephants captured in pit-falls are kept m 
“kraals” or large strongly built wooden cages, until they are 

reaS/gw loosing from the backs of trained elephants— Under 
this svstem wild elephants are chased by trained animals 
urged to a rapid pace by repeated blows delivered near the 
root of the tail by men seated on their backs. On the wild 
elephant being overtaken, it is surrounded, noosed and secure¬ 
ly bound: small elephants maybe captured without difficulty, 
but in the case of large powerful animals it is often necessary 
to employ trained fighting tuskers to charge them again and 
ao-ain until they are somewhat subdued. This method is 
employed in Nothern India, having been originally intro¬ 
duced from Nepal. It is usual to begin the day by posting 
in suitable places a number of men armed with muskets and 
blank cartridges, the elephants being beaten out to where 
the trained elephants are kept in wait for them. This is 
one of the most exciting forms of elephant capturing, and is 
naturally by no means free from danger. 

(3) Tying the legs together under cover of female decoys 
This is a method sometimes employed to capture solitary 

males. Four or five steady female elephants, ridden by 
mahouts who crouch down on their necks and cover them- 

selves with dark-coloured blankets, arc taken to the jungle 
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where the solitary male feeds, and* are allowed to graze as 
if wild ; they remain near him sometimes for two days and 
nights. As soon as the male falls asleep, usually soon after 
sunrise, the females stand round him and two mahouts get 
down and tie his hind legs together ; in a day or two he can 
he captured without difficulty, as he soon exhausts himself 
in his efforts to run away with his legs fettered. If there 
is a convenient tree near, the end of the rope may be tied 
to it at the time the ropes are put round his legs. 

(4) Noosing the hind legs on foot. —This is a method 
sometimes followed in Ceylon, where several hunters on foot 
with great skill noose the hind legs of an elephant running 
away, the trailing ends of the ropes being secured to trees 
as it passes. This method requires great dexterity, and can 
hardly be followed in general practice. 

(5) Enclosing in a palisade erected round a salt-lick or 
pool of water. —This consists in building round a salt-lick or 
water-hole frequented by elephants a stockade with a gap for 
an entrance. The place is constantly watched by a number 
of men in concealment, and as soon as a herd enters the 
entrance is closed : the elephants are afterwards captured 
singly with the assistance of trained elephants and marched 
off. This method was formerly common in Assam, where 
great cruelty was practised owing to the hunters often 
leaving the unfortunate animals to starve to death when the 
number of tame elephants was insufficient to deal with a 
large herd of wild ones. Such waste of elephant life is no 
longer permitted. 

(6) Keddahs .—This is the most certain plan for catching 
herds of elephants on a large scale; it consists in surround¬ 
ing a herd by a large circle of men and driving it into a 
stockade previously built. Men to the number of 300 or 
400 are collected and supplied with muskets and rations, the 
exact number of men depending on the area to be operated 
over; these move noiselessly in line through the jungle so as 
to take up positions about 30 yards apart in such a way as to 
iorm a long line completely encircling the place where the 
herd of elephants is known to be. This cordon of men is 
often 5 or 6 miles in length, and it may take 3 or 4 hours to 
complete the circle. When the cordon is completed the men 
run up a thin fence of split bamboos round the enclosure 
and clear a path from man to man. At night fires are lit, 
and if the elephants approach they are driven back by 
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shouting and firing of muskets ; the men camp at their posts 
often for a week, and sometimes for a whole month. 

The elephants are most active at night, giving little 
trouble in the day-time as a rule. When the circle is 
completed the keddah is built ; tliisis a strong stockade 12 
feet high, built of poles in a circle 20 to 60 yards across, 
a trench 6 feet wide and 4 feet deep being dug inside the 
stockade and the earth thrown u]) to the inside, this prevent¬ 
ing effective attacks on the stockade from the inside. An 
entrance 4 yards wide is left for the herd to enter, a strong 
gate being constructed and studded with sharp spikes on the 
inside. Prom the entrance to the keddah two lines of strong 
palisades run out for about 100 yards, being 60 yards wide at 
the entrance ; these wings are meant to act as guides to force 
the elephants into the stockade. When the keddah and 
wings are completed some of the men from the outer cordon 
leave it and form a smaller circle inside, beginning at the 
wings of the keddah and taking up their positions so as to 
surround the herd ; the herd is then gradually driven for¬ 
ward towards the stockade. If they refuse "to enter the 
stockade in spite of shots and shouts a new stockaHe may 
have to be built in another part of the enclosure, and the 
same process gone through again. 

"When once in the wings, the elephants are driven 
forward by firing a line of dry grass previously placed at the 
entrance to the wings; trained elephants are also employed 
to drive them into the stockade. When the herd has entered 
the stockade the gate is closed, and on the same or the follow- 
ing day tame elephants with mahouts on their backs enter 
and separate the wild elephants one by one, when men slip 
down and tie their hind legs; ropes are then fixed round 
their necks and hind legs and they are marched out and 
picketed in the forest near. Where experienced men are 
employed the danger involved by this method is not so great 
as might appear; accidents, however, are bound to occur 
from time to time. The Chittagonians are particularly 
skilful in this method of capture. 


CHAPTER XV. 


Mineral Products. 

Among mineral products of the forest may be mentioned 
building-stones, road metal, clay, slate, limestone for burning, 
mica, laterite, sand, and other similar materials. These 
may be collected by (1) mining, that is, sinking a shaft below 
the surface and excavating underground, (2) quarrying, 
that is, making an excavation open to the air, (3) collecting 
oif land covered with tree-giowth, and (4) collecting from beds 
of streams. Mining affects the forest in that a considerable 
amount of debris is thrown up at the entrance to the mine; 
it is resorted to when the mineral-bearing strata run under¬ 
ground. Quarrying does much damage to the forest, especially 
on a liill-side, as it exposes the ground to landslips and 
causes'damage to the forest beneath through the rolling 
down of stones and earth : on level ground the damage done 
consists in the reduction of the forest area. Collecting stones 
or other mineral products from forest land does much damage, 
as carts or pack animals are driven over the area, crushing 
young growth and, in the case of carts, damaging trees in 
passing. Collecting from beds of streams does no damage. 

Revenue from mineral products may be obtained either 
by leasing on fixed payment or leasing and charging royalty 
on the outturn by weight, volume, or market value. Where 
limestone is collected from the forest and burnt in its neigh¬ 
bourhood it is convenient to charge for the fuel used by find¬ 
ing the average volume of fuel required for each burning oi 
the kiln and levying the total price of the fuel according to 
the number of times the kiln is fired. 

Mica mines are situated in Government forests in certain 
parts of Bengal and Madras, the mineral being quarried or 
mined according to whether its position is near the surface or 
some distance down. The value of the mica extracted depends 
on the size and clearness of the sheets, which are cut and 
sorted for the market according to size and quality. 

In the Nellore District, Madras, duty is levied by royalties 
on the quantity of mica exploited. In the Palamau Porest 
Division of Bengal the mica-bearing area is demarcated into 
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40-acre squares, each of which is leased for 30 years: the 
lessee pays a rent of Rs. 40 per square per annum or else 5 per 
cent, of the sale value of the outturn of mica, whichever is 
greater. 

Calcareous tufa has been extensively quarried in the 
Haldwani Porest Division of the United Provinces, but since 
the discovery of tufa in a more accessible place at Lachiwala 
near Pelira Dun the outturn from Haldwani has dropped 
considerably. 




PART III. 


ORGANIZATION OF LABOUR, AND MODES OF SALE AND 
DISPOSAL OF WOOD AND OTHER FOREST PRODUCE. 

Hie whole subject of Forest Utilization in its practical 
application depends intimately on the methods employed 
in collecting and disposing of the various articles of forest 
produce, for it is one of the chief duties of the forester so 
to arrange for the collection and disposal of the produce 
from the forests under his charge that these forests may 
yield the highest possible income compatible with the main, 
tenance and improvement of the forest, the interests of the 
neighbouring population being duly safeguarded. It is 
therefore necessary that some general knowledge should 
he acquired of the principles involved in the questions of 
forest labour and the various methods of disposing of forest 
produce. These questions may bo conveniently considered 
under the heads of (1) the organization of forest labour, (2) 
methods of sale, and (3) system of extraction and disposal of 
forest produce. 


CHAPTER I. 


The Organization of Forest Labour. 

Section I.— General. 

India being a large country, in which local conditions 
vary much from place to place, the question of labour supply, 
which may present no difficulties in some localities, is in 
others a matter of serious difficulty where forest work lias 
to be carried out. 

Provided they are reasonably industrious, the people 
of the various jungle tribes make the most satisfactory forest 
workmen, as they become skilled in woodcraft and in the 
use of axes or other implements from childhood, while they 
are more inured to the climate and hardships of the jungle 
than men brought in from outside; the labour supplied by 
such tribes is, however, not always to be relied on, owing 
to the indolence often born of a life of freedom in people 
whose wants are few. The forester who can at all times 
command the labour of such jungle tribes for forest work 
has seldom cause to be dissatisfied. In Europe, particularly 
in Germany, permanent gangs of woodcutters are often to 
be found working continuously in one particular tract of 
forest from year to year, and earning their sole livelihood 
by cutting and converting wood; in some cases they are even 
kept together by subscription to a benevolent fund in aid 
of the aged and infirm, or of widows and orphans, such funds 
being supported by the woodcutters themselves. Such an 
advanced state of affairs is perhaps hardly applicable to 
India, but even in India permanent gangs of woodmen, whose 
sole occupation is cutting and converting wood, exist in 
many parts ; in such cases labour can be depended on at short 
notice for the extinction of fires or for forest work in general. 
For the maintenance of such permanent labour it is necessary 
that regular work should be supplied throughout the year. 

The necessity for maintaining a supply of purely forest 
labourers is not so great in India as in Europe owing to the 
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fact that in India there is a much larger agricultural popu¬ 
lation, so that the people are naturally familiar with the 
use of the axe and other implements. In agricultural districts 
labour for forest work can generally he depended on at seasons 
when important field-work, such as ploughing, sowing, or 
reaping, are not in progress : the seasons for carrying out 
forest operations must, in fact, in some localities largely 
depend on the seasons of agricultural work. 

The supply of forest labour as a rule yaries in inverse 
ratio to the prosperity of the surrounding community, pro¬ 
vided the population is normal. Thus where agriculture is 
in a precarious condition, and the people are therefore poor, 
forest work is sought after as a means of livelihood; in 
fertile localities, however, even though they may be more 
densely stocked, forest labour may be very difficult to obtain 
owing to the fact that the people are well off without having 
to seek for further employment. 

Where labour cannot be obtained locally there is no 
alternative but to import it; this means increased cost owing 
to the journeys to and fro, and often higher wages as com¬ 
pensation to the workmen for leaving their homes. In India 
sawyers are not so readily obtainable as axemen, and often 
have to be obtained from a distance, the sawyers being largely 
confined to one particular class. 

In order to ensure satisfactory work it is necessary to 
impose certain conditions, which would include, among other 
matters, avoidance of damage to the forest, camping and 
lighting fires only in certain specified places, assistance in 
case of fire, and abstinence from the commission of forest 
offences. Where labour is not directly supervised by an 
official it is usually advisable to appoint one specially selected 
man as foreman, who should receive higher wages than the 
remainder of the workmen. 

Among special forms of labour may be mentioned the 
convict labour employed in the Andamans, this labour being 
classified into various grades according to severity. 


Section II.— Wages. 

Wages for miscellaneous forest work are usually fixed 
according to the customary rates for unskilled labour in the 
locality concerned; work of a more special nature, such as 
sawing and conversion generally, is usually paid for at higher 
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rates. Work is generally carried out either (1) under the 
direct supervision of an employe of Government or of the 
owner of the forest, or (2) by contract. In the former case 
the workmen may be paid either (a) by daily labour, or (b) 
by piece-work. 

Payment by daily labour is specially necessary where the 
work lias to be carried out carefully and not hurried over, for 
example, work such as the weeding and cleaning of planta¬ 
tions, in which much care is necessary. Where daily labour 
payment is made the workmen require to be kept under 
supervision and made to work for a certain number of hours 
daily, there being no special inducement towards hard work 
such as is the case where payment is made by piece-work. 

Payment by •piece-work means payment by the quantity 
of work done irrespective of the time taken to perform it, 
for example, payment for earthwork by volume in cubic 
feet, or payment for converting into sleepers of a given size 
at a lixed rate per sleeper. This system has the advantage 
that there is every inducement towards hard work; on the 
other hand, it is not suitable for work which if hurried over 
would be badly carried out, particularly where the results 
are not readily detected. In the case of tree-felling, pay¬ 
ment is sometimes made at certain rates per tree, the rates 
varying according to the girth of the tree to be felled. 

Payment under contract .—In this case a contractor 
agrees, under certain working conditions, to complete a piece 
ot work in a given time, the work being paid for at a stipu¬ 
lated rate on completion. In this case, although the super¬ 
vision required is not so constant as where no responsible 
contractor is in charge, supervision is nevertheless necessary 
to ensure the terms of the contract being adhered to. 



CHAPTER II. 


Methods of Sale. 

In this chapter we shall deal with the chief methods under 
which sales are conducted: these are (1) sale by private 
bargain, (2) sale by public auction, (3) sale by tender, 
(4) sale by royalty or fixed tariff . 

Section I. —Sale by Private Bargain. 

Although this is the method under which much of the 
petty general business of India is transacted, it is only in 
exceptional cases applicable to sales of timber and other forest 
produce by the Porest Department, as it involves much time 
in bargaining, and is in other ways unsuitable. In special 
cases sale by private bargain is advisable, particularly where 
one person" desires to purchase but where there is no general 
competition for the produce to be sold, for example, where a 
few selected trees of special kinds are required for some parti* 
cular industry. In such cases the price is fixed according 
to the current market rates, or, if these are not ascertained, 
on the averages of past sales, due regard being paid to any 
changes in the market. This system may also be employed 
to break up combinations in public auctions. 

Section II.— Sale by Public Auction. 

Sale by auction literally means sale by increasing (the 
price), the sale being carried out by two or more persons 
bidding higher and higher against each other, the bidder of 
the highest price becoming the purchaser. On the Con¬ 
tinent of Europe a commencement is sometimes made with 
a high price, the salesman calling out a lower and lower price 
at intervals until some quo accepts the price offered. This, 
though not strictly an auction, is popularly termed a Dutch 
auction ; it occupies more time than the usual form of auction. 
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In some cases a candle, timed to burn about 5 minutes, is 
lighted at the beginning of a Dutch auction, and no bids are 
allowed after the candle goes out; thus in the uncertainty 
as to when the candle will burn itself out intending pur¬ 
chasers will avoid delaying too long in calling out their bids. 

One of the chief disadvantages of auction-sales is the 
danger of a combination among would-be purchasers, who 
agree previously not to outbid each other. This can to some 
extent be prevented by advertising the sale as widely as 
possible, so that persons from a distance, who have no con¬ 
nection with local purchasers, may attend the sale. To pre¬ 
vent unreasonably low prices being obtained, a minimum price 
is fixed, known as the upset price or reserve price, below which 
no bids are accepted. Prior to an auction of timber or other 
forest produce being held, the produce should be conveniently 
exposed for inspection some days beforehand in suitable sale 
lots, lists of the lots with particulars as to dimensions, quality, 
etc., being prepared for the convenience of intending pur¬ 
chasers : at the same time the auction should be publicly 
advertised as widely as possible. Before the commencement 
of the auction it is always necessary to read out the conditions 
oi sale ; such conditions fix the period within which payment 
is to be made, failure to pay within the prescribed period 
leading to forfeiture of all claim to the produce purchased ; 
they also fix the latest date on which all produce purchased 
has to be removed from the sale depot, demurrage being 
charged after the prescribed date. The conditions of sale also 
deal with matters affecting the actual conduct of the auction, 
providing for its closure at any period of the sale if necessary, 
so that any combination among bidders may he thwarted. 
It may be advisable to require intending purchasers to sign 
the conditions of sale before the auction commences, to 
obviate subsequent objections to any of the clauses. 

In the case of large timber sales it is customary to hold 
the auctions, not in the actual dcp6t where the timber is 
lying, but in some room or other place, opportunity having 
been previously given to intending purchasers fully to inspect 
and value the several lots exposed for sale; this is necessary 
ov ing to the fact that timber is bulky and occupies much 
space, so that a great deal of time would he wasted if each lot 
v ere visited and auctioned in situ. In the case of important 
sales it is often profitable to employ a professional auctioneer 
and to pa fc v liis commission, particularly if the auctioneer is 
in the habit of selling timber regularly, as he is in touch 
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with the market andean usually be depended on to obtain.a 
good attendance at the auction, while he is at the same time 
responsible for the collection of the amounts bid, thus saving 
much extra work in the Forest Office, lor small local sales 
the employment of a special auctioneer is hardly necessary. 

Section III.— Sale by Tender. 

Under the system of sale by tender, would-be purchasers 

make offers on or before a fixed date, slating the price they 
arc willing to pay; such tenders are of two kinds, sealed 
tenders and open tenders. 

In the case of seeded tenders the intending purchasers 
submit their tenders in sealed covers before a certain hour 
on a fixed date : all tenders are then opened, in the presence 
of the tenderers if they wish to be present, and the terms 
of each tender are read out. The officer whose duty it is 
to accept tender need not accept the highest tender, a proviso 
which should be previously notified in the advertisement 
calling for tenders : in this way the tenders of persons who 
are known to be insolvent or to be otherwise undesirable 
can be disregarded. Tenders usually require to be accompanied 
by deposits°of money knowm as earnest-money, winch are 
returned to unsuccessful tenderers; this earnest-money is 
forfeited by the successful tenderer in case of non-fulfilment 
of his tender. Sale by sealed tender is not always the most 
profitable form of sale in India, but where it can be intro¬ 
duced successfully it is a good system, as it gives little trouble 
and is usually effective in preventing combinations. 

In sales by open tender the tenders may be made at any 
time, cither personally or in writing, by a certain date, and 
a tender may be accepted at any time before the date noti¬ 
fied. In this case bargaining is possible. . The system is 
not altogether a good one, as tenderers quickly realize the 
price likely to be accepted and may combine accordingly; 
it is usually suitable only for produce whose value remains 
fairly constant. It is, however, a useful method of breaking 
np combinations at auctions. 

Section IV.— Sale by Eoyalty or Fixed Taripe. 

Under this method of sale the disposal of forest produce 
is governed by fixed prices, being revised from time to time 
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as conditions change. Tlie tariff prices are fixed as nearly as 
possible with due regard to current market rates. This 
method of sale is largely employed in India, particularly for 
inferior timber, bamboos, fuel and many forms of minor pro¬ 
duce, the royalty, that is, the fixed price, being charged by 
quantity, weight, volume, or percentage on the market value, 
the last-named being known as ad valorem royalty. In depots 
petty produce, such as small quantities of fuel or charcoal, is 
conveniently sold at fixed rates, while the levy of royalty on 
forest produce extracted from the forest by purchasers is 
universal throughout India, the simplicity of the system ren¬ 
dering it particularly applicable in a country where forest 
produce of all kinds is much in demand for the daily require¬ 
ments of the people. 
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CHAPTER III. 

Systems of Extraction and Disposal of Forest Produce 


Section I.— General. 

In this chapter the more important systems, as employed 
in India, of extracting and disposing of forest produce, will be 
described in outline. The number of variations in detail, as 
applied in different parts of the country, are so numerous, that 
a consideration of them all would fill a large volume in itself, 
and cannot he attempted here. It is also quite impossible to 
state definitely what special system is most suitable or most 
remunerative in the case of any particular class of timber or 
other produce, as local conditions vary so much, that where a 
certain system may he found most suitable in one locality it 
may be quite out of place or unworkable in another. 

In deciding on the introduction of any system there are 
many general questions to be taken into consideration, the 
chief of which are (1) the maintenance and improvement of 
the forest, (2) a fair remuneration to the State or forest owner, 
(3) the prevention of theft or fraud on the part of purchasers 
? r forest employes, (4) the safeguarding of the interests of the 
ocal population, (5) the avoidance of unnecessary complica- 
mn m the system, rendering it unworkable, or unintelligible 
0 Jgg e who have to carry out the details, (6) the physical 
onclitions of the locality, (7) the number and qualifications of 
:. Ue staff responsible for carrying out the work, (8) the capabil¬ 
ity or financial standing of the contractors or purchasers whose 
^ty it is to extract the produce, (9) the quality and quantity 
°t labour available, and (10) the general policy of Govern¬ 
ment, particularly as regards the encouragement of private 

enterprise. 

The extent to which one or more of these factors can be 
taken into consideration in the adoption of any system of 
exploitation will be indicated in the next three sections, which 
with the systems themselves. These systems naturally 
tall into three main groups, (1) felling and extraction, or 
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collection, by Goycrnment agency, (2) felling by Government 
agency and extraction by purchasers, and (3) felling and 
extraction, or collection, by purchasers. In the case of private 
forests this classification will also hold good, except that the 
owner’s agency takes the place of Government agency. In 
Indian official reports only the first and third of the above 
groups are recognized, and where the working of forests is 
carried out under the second method it is classed under the 
first or third, whichever it approximates most nearly. In 
classification for the purpose of reports this is quite sufficient, 
but for our purpose the second method should be con¬ 
sidered separately because it has to be employed, as will be 
seen later, in certain special cases. 

Section II.— Telling and Extraction, or Collection, 
by Government Agency. 

Under this system the felling, extraction, and disposal of 
timber, or the collection and disposal of minor produce, as 
the case may be, is carried out entirely by Government, the 
net profit being obtained by deducting the working expenses 
from the sale value received. The details of working vary, 
but in general outline the system consists of extraction of the 
produce to a sale depot by persons working on behalf of 
Government, and the subsequent sale of the produce at the 
dep6t, the sale price being credited to Government as gross 
earnings. 

In the case of departmental extraction of timber on a 
large scale, a common method is to issue contracts to reliable 
persons to fell and extract to a Government depot the trees 
marked for felling in a certain coupe. The contractor duly 
delivers the timber at the depot, being paid at stipulated rates 
for his work. The timber is then taken over by the depot 
staff, who are thenceforth held responsible for its safety. The 
disposal of the timber from the depot is then effected by sales, 
whether by" auction, tender, fixed tariff, or otherwise. The 
contractor’s work has to he supervised carefully while in 
progress, as dishonest contractors are liable to fell more than 
they have a right to fell, in order to receive more payment, or 
to sell on their own behalf timber which they are extracting 
on behalf of Government; contractors arc also liable to fell 
and extract only those trees which are easy of access, leaving 
trees more difficult to work out. It is often advisable to give 
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vances to the contractors, on good security, in order to keep 
them out of the hands of money-lenders ; such advances may 
he given as part payment for work done, for example, when a 
tree has been felled and logged the work done so far may be 
paid for at its estimated value. 

In the case of fuel, departmental extraction has to be 
carried out in some cases to afford regular supplies, in others 
to keep down the local prices for fuel where fuel is scarce and 
prices would tend to rise abnormally if the extraction was 
entirely in the hands of one or two traders. 

Government extraction may also be necessary where a 
new industry has to be started, or where a new product lias to 
be placed on the market. 

In India the extraction of minor produce is carried out by 
Government only to a comparatively small extent. As' a 
general rule the extraction of minor produce can better 
be left to private persons, but in special cases Government 
may have reason for undertaking the extraction itself, for 
example, in the Central Provinces sal resin is collected 
m small quantities by Government agency, the right of 
collection not being leased to private jiersons in case these 
should wound the trees to obtain more resin. Extraction of 
minor produce by Government agency may have to be 
undertaken in the interests of the local jungle tribes. Thus the 
collection of myrabolans by Government agency was intro¬ 
duced into certain of the Bombay forests in 1880, and 
proved not only more remunerative than the previously- 
existing system of farming out the collection, but was much 
appreciated by the jungle people, who were thereby made less 
subject to oppression and were brought into more intimate 
relations with the Forest Department. The actual method 
employed was to establish depdt stations to which the jungle 
tribes could bring in myrabolans and receive fixed rates 
°f payment for them ; this gave them an inducement, from 
Personal motives, for assisting in the protection of the trees. 
Among other examples of departmental extraction of minor 
produce may be mentioned the tapping of pine resin in 
Die Himalayas and the collection of all minor produce in the 
■Nallamalais, Madras Presidency. 

The general policy of Government is to limit depart¬ 
mental extraction and to encourage extraction by purchasers. 
|his is on genoral principles a good policy, as the system of 
departmental extraction has its drawbacks, the chief of which 
are (1) a large amount of work, both executive and clerical, 
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is thrown upon the staff, who might he more profitably 
employed in works of maintenance and improvement of the 
forest, (ii) the details of extraction and disposal of the 
produce are often of a purely commercial nature, better 
suited to private enterprise than to the operations of 
a Government department, (iii) Government extraction must 
bring the Forest Department in many cases into direct 
competition with private firms, a state of affairs which 
as a general rule cannot be regarded as sound. It is, there¬ 
fore, only in cases where local conditions actually make it 
advisable, that the system of departmental extraction in 
India can be considered to be advisable. 

That the system of departmental extraction is not nearly 
so extensive in India at the present day as that of extraction 
by purchasers may be seen from the fact that during the five 
years 1904-05 to 1908-09 five times the quantity of tfmber and 
fuel, and nearly 30 times the quantity of bamboos, were 
extracted by purchasers as compared with the quantity 
extracted by Government agency, while the value of minor 
produce extracted by purchasers was more than 13 times 
the value of that extracted by Government agency. 


Section III. —Felling by Government Agency and 
Extraction by Purchasers. 


This system is followed in cases where great care is 
necessary to avoid damage to the forest during felling. It 
is often employed on the Continent of Europe, where trained 
gangs of woodcutters, working directly under Government, 
are continuously employed in the forest. The system is 
to some extent followed in India, and may be usefully 
employed in the case of thinnings, the stems being felled by 
skilful woodcutters, and removed, after felling, by pur¬ 
chasers. This system may also be adopted in the case of 
improvement fellings, where inferior trees are felled for the 
benefit of the stock as a whole ; felling by departmental 
agency ensures that none of the trees will be left standing. 

Section IV.— Felling and Extraction, or Collection, 
by Purchasers. 


There are many different methods under which timber 
and other forest produce may he disposed of to purchasers, but 
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tortile sake of convenience they may be grouped into four 
main heads, (1) sale of a whole coupe or area, (2) sale of a 
few selected trees, (3) sale by means of licenses or permits, 
(4) sale by the commutation system, and (5) extraction with¬ 
out any previous permit or agreement. 

1. Sale of a Whole Coupe or Area, 

Under this head may be included a variety of systems of 
great importance, the chief of which are as follows :— 


(1) Sale by Lease. 

This consists in selling the right over a given area to one 
person or firm, known as the lessee, to extract timber or 
other produce for a fixed period, which may extend to one or 
more years. The sale value is realized either in a fixed lump 
sum payable in one amount or by instalments, or by payment 
°f royalty on the produce extracted, whether by volume, 
height, quantity, or ad valorem . 

. The simplest form of lease is that in which a lump sum is 
paid for the privilege of extracting as much produce of a 
certain kind as the lessee can obtain in a given time. It is 
obvious that if this system were to be applied to produce such 
as timber or fuel the forest would soon be mined ; the system 
however, can be suitably applied to crops such as grass, 
fruits, flowers, etc., which are produced annually, and the 
^vhole of which can be removed without detriment. This 
simple form of lease by lump sum is known as “ farming ” 
fhe crop. Lac can be conveniently farmed in this way, 
provided suitable conditions are made to ensure the propaga- 
n°n of lac for future uso ; for this purpose leases extending 
over several years are necessary. 

There is nothing so dangerous as the habitual lease of a 
forest for the extraction of dead timber. It may be permiss¬ 
ible if certain classes of dead trees or timber are known to 
exist and have been duly marked, the area being opened to 
extraction for a definite period; but if the same area be 
leased year after year to the indiscriminate extraction of 
dead timber the chances are that the lessee will make certain* 
J j y killing trees artificially, that the annual supply of dead 
tr ees is maintained. 

The same applies to the extraction of dead wood under any 
system. Similarly dead wood rights and privileges should 
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not be allowed indiscriminately, but should be confined to 
certain coupes and fixed seasons. 

When a lease is issued a carefully worded agreement 
should be drawn up, the conditions of which should be a 
safeguard against damage to the forest by the lessee or 
his employes. 

A system largely followed in Burma, whereby teak timber 
is felled and extracted by timber firms, is commonly termed 
a timber lease, though the term purchase-contract would be 
less confusing, as the system is not a lump sum lease such as 
that already described. The teak trees are selected orer 
definite areas by trained officers, under sylvicultural rules, 
and are killed by girdling in order to allow the timber to 
season and become light enough to float out. The area is 
then “leased,” commencing the third year after girdling, to 
a timber firm, which is allowed a certain number of years to 
fell and extract the girdled timber, royalty being paid at 
stipulated sums per cubic foot after the timber has reached a 
measuring station and has been measured. After payment 
of the royalty due the timber becomes the sole property of the 
firm. 


(2) Sale op Standing Trees by Coupes. 

{a) Wholesale system .-—This is one of the most suitable 
and profitable of systems where it can be successfully in¬ 
troduced. The trees are selected and marked, the whole 
coupe being then sold standing, either by auction or by sealed 
tender. The sale price can be recovered either in a sum 
representing the sale value of the coupe as a whole, or at so 
much per tree of different size classes and species, or on the 
volume of timber extracted, whether in the round or after 
conversion. In the absence of a good class of timber traders 
the system may at first bo difficult to introduce, in which 
case the coupe may be sold by private bargain to one trader 
on easy terms: once the profitable nature of the business 
becomes known there is usually no difficulty in obtaining 
numbers of applicants. The annual coupes are usually sold 
during the rains, the successful purchasers commencing work 
as soon after the rains as possible and extracting the material 
during the following dry season. In many cases it is pre- 
ferable to extend the lease over two or more years, parti¬ 
cularly where the area to be worked is extensive or remote, 
rendering it necessary for the purchaser to spend time and 
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money in collecting labour, animals ancl materials on the 
spot. 

(5) Monopoly system .—Under this system trees for felling 
are marked oyer a coupe or convenient subdivision of a 
coupe, and are sold by auction. The price paid for the coupe 
is known as the monopoly price, as it gives the purchaser the 
sole right to fell and extract timber from the coupe. In 
addition to this monopoly price the purchaser pays royalty 
on all timber brought out of the forest, whether in the round 
or after conversion: for this purpose a regular scale of 
export rates is made out for every variety and class of timber, 
these rates being calculated at about half the value of the 
timber. When the coupe is marked for felling an estimate 
of its probable yield is made out; from this, as well as from 
the scale of export royalty rates, the purchaser is able, after 
inspecting the coupe, to calculate what monopoly price he 
can safely give. 

The great advantage of this system is that purchasers are 
induced to remove inferior timber, as they have already paid 
as the monopoly price about half the value of the timber of 
the coupe, and it is in their interest to extract everything 
they possibly can, the royalty rate being so low as to make 
it worth their while to extract inferior timber as well as the 
better classes of timber. The monopoly system further 
allows of variations in the sale jirice according to the distance 
of the coupe from lines of export, without the inconvenience 
of having to fix a separate scale of royalty prices, because 
the monopoly price paid would naturally be less for difficult 
localities than for those from which extraction is easy. 

The monopoly system has received a fair trial in "parts of 
the United Provinces, and has under certain conditions proved 
? satisfactory system. It would not, however, be applicable 
111 large unwieldy charges where supervision is difficult, as 
the estimate of the value of the coupe has to be made person- 
ally by a responsible officer. 


2. Sale of a few selected Trees. 

This consists in selling, usually by private bargain or by 
fixed tariff, a few selected trees. It is not a system to be 
adopted generally where regular working is in progress, but 
it is often necessary in special cases, as in sales "to public 
departments, or the sale of certain species of trees for which 
there is no general demand, but which are in demand for one 
particular purpose or industry. 
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3. Sale by Means o f Licenses or Permits. 

<wtin! 1 1n ID T t ^° d ° f S , a , le b y licetlses is °f very extensive appli- 
‘ „ V n Indaa > and lias more variations in detail than in the 
for -in ; ?. tber f° rm of sale - Tlie most typical method is 
j ii ending purchaser to apply, to a person empowered to 
sue it, tor a license to extract timber or other forest produce 
ULi S descriptions in a specified area and within a fixed 
umit of time, a fee being paid for the license : all particulars 
aie clearly entered on the license, the amount paid for it be- 
mg,written in words and in figures. The licensee then pro- 
ds to collect and extract his produce, which is checked 
at a specified place within or reasonably near the forest • if 
the produce extracted is in accordance with the particulars 
entered on the license it may then be removed, the license 
being delivered up and a removal pass being issued in its 
place, authorizing the licensee to remove his produce to its 
destination, where it may again have to be checked with the 
lemoval pass. Licenses may he in duplicate or in triplicate • 

the ccmn terfr/l ^ or ¥ nal is 8™* to the licensee and 
whileTS/ wi S6nt U1 \ Witl1 the aCCOunts of the vendor, 
wW •+ att ! r Ca , SC the extra foil is issued t0 tho person 
hot „ l f 1* to check tllc produce extracted, this foil 
hem S ont to the audit office independently of the counter- 
loll sent by the vendor. 

,. In ac . t ! lal Practice there are a large number of modifica¬ 
tions of this type, due to local conditions. As regards the 

such°^ e w WerC Ai t0 i S l 1 ! 0 licenses for valuable material, 
ofe of w i f t better kinds, none hut a responsible 

Sr petfv m nor n^ ^ be allowed *o them, 

i ^ 10 * produce, head-loads or cart-loads of drv fuel 

bamlioos, etc., this would he impracticable, and lienee licemei 

™mn l™ *° •? by low-paid officials°or by 

i .. 1 appointed for the purpose, the latter 

r'evenuo^Hl 61 1 18 /] bxG(1 salar il' or by commission on the 
usu illv hns f ct , e<I ] )y b, “' f® guard against fraud security 
vendor, a . S r° - Je Ur ^ ls iec ’ w hile in some places the license- 
in are frequently transferred from one post to another ; 
u ]'il ( ,‘ C!,so requent inspection of their books is necessary, 
recovnrL 7 1 01 the or S mal licenses as possible should be 
account, t"' compared with the counterfoils and cash 

amount in t ^ qU * lt + ^ f r ? ud hein S to enter a smaller 
a ii v ro ii, A , ie counterfoil and m tlie accounts than is actu- 
iiy collected and entered on the original license. The pur- 
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chase of licenses for petty forest produce should be made 
as convenient as possible for the persons who desire to obtain 
produce, otherwise the temptation to steal it is increased : 
for this reason the license-vendors* should be posted at con¬ 
venient places near the forest. The work of issuing such 
licenses is sometimes entrusted to village headmen, with good 
results, as these men hold more or less responsible positions, 
while they are brought more into touch with the Forest 
Department, receiving as they do emoluments in the shape of 
commission on revenue received for the sale of licenses. 
Under any circumstances it is not advisable to allow the Forest 
protective establishment to issue licenses, as it is then duty 
to check them while in operation. 

Among special forms of license systems may be mentioned 
the face-value system, including the use of tickets, and the 
employment of adhesive stamps. By the face-value system 
is meant the sale of licenses, usually of different colours, each 
representing a definite value, so that illiterate persons soon 
get; to know the value of the different coloured licenses. Such 
licenses are sometimes in the form of cardboard tickets re¬ 
sembling railway tickets. In some cases adhesive stamps, 
resembling postage stamps, are affixed to the back of the 
license when the latter is issued, the value of the stamps corre¬ 
sponding to the amount paid for the license. The stamps 
are punched and dated Avhen the licensees issued, so that 
they may not be used after the expiry of the license. 

4 Sale by the Commutation System. 

By commutation is understood the payment of a fixed 
sum once in a fixed period, usually a year, in return for the 
privilege of being allowed to remove certain classes of forest 
produce at any time and as often as is necessary. The system 
should never" be employed except in the case of petty ]n*o- 
duce required for bond fide domestic use, and not for sale 
or barter. Such produce as thorns for village hedges, litter, 
grass, and other small classes of minor produce, may be re¬ 
moved under this system, \A r hile exceptionally the extraction 
°f small timber for agricultural or domestic use, and fuel, 
may be alloAved on payment of commutation fees. The system 
* s » however, most applicable to forest grazing. The chief 
difficulty is to obtain a correct estimate of the number of cattle 
to bo grazed or the quantity of each class of produce to be 
removed, in order to fix a fair commutation fee : this is done 
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\L^ akmg an annual census of cattle or an annual estimate 
oi tlie quantity of forest produce required, based on the num¬ 
ber of persons in each village. Commutation fees are usually 
levied from a whole village, in which case no commutation 
should be allowed in any village unless the whole village 
agrees to commute. 


5. Extraction loitliout previous Permit or Agreement. 

Under this head may be included two different forms 
of realizing revenue on forest produce extracted without 
license ; these are (1) the system known in India as the 
kham talml system, and (2) the levy of export duty. 


(1) The Kham-Tahsil System. 

TJndei this system a person may enter a forest without 
previous permission and collect forest produce of certain 
specified classes, which he brings out, and on which he pavs 
duty at a revenue-station on the line of export, receiving a 
receipt lor the amount paid in the shape of a removal pass. 

ms system is obviously applicable only to tracts which have 
not } et jeen. brought under an efficient state of forest manage¬ 
ment, and is suitable only for remote tracts from which 
-J? ,^° remove the produce only by one or two 

well-defined lines of export, otherwise the risk of escaping 
the payment of duty would bo too great. Under any con¬ 
ditions it is very difficult to exercise an adequate check on 
produce brought out, while the detection of fraud on the part 
of the revenue-collector is equally difficult. The difficulty 

be * y ?. idecl b y establishing a second check 
station further down the line of export and at a considerable 
distance from the first station, so that the produce may bo 
independently checked and compared ; independent inspect¬ 
ing officers should also frequently patrol the line of export. 

As far as the forest itself is concerned this system is open 
to the gravest objection, particularly where timber or fuel is 
ie produce extracted, because there is little or no safeguard 
against excessive and wasteful felling. 

A rough form ol the hham tahsil system is employed in 
some places in the interests of jungle tribes, who, however, 
au rn this case not purchasers. The jungle people bring pro- 
uce down to Government sale depdts situated conveniently 
1K f! r ’ they are paid for the work of collection and 

extiae ion either at fixed rates or by percentage on the sale 
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price of the produce. The purchaser of the produce at the 
depot obtains a removal pass which enables him to export it 
to its destination. 


(2) Export Duty. ' 

A system has recently been brought into operation in 
Burma whereby an export duty is collected at seaport towns 
on all cutch, lac, and caoutchouc exported from the country. 
The system was first adopted in the case of cutch owing 
to the difficulty formerly experienced in collecting within the 
country the legitimate revenue due to Government on that 
product ; as the groat bulk of the cutch manufactured in 
Burma is exported by sea, the realization of duty at seaport 
towns covers nearly all the cutch manufactured. The cutch 
trees (Acacia Catechu ) within Government reserved forests are 
strictly protected and may not be felled unless sold under 
some well-regulated system, but all cutch trees growing 
on any other class of land may be felled and converted into 
cutch without payment, a free license only being necessary. 
Formerly the revenue on cutch was collected hj the issue of 
licenses fixing the number of cutch-boiling cauldrons of given 
capacity which might be employed within a given period : 
as such licenses applied only to Government waste land, and 
as cutch on private land could be boiled to any extent 
without license or payment of duty, it is not to be wondered 
at that cutch-boilers on private land extensively stole cutch 
trees from Government land to convert free of duty. On 
this account the system of export duty was introduced ; 
it covers cutch obtained from private as well as from Govern¬ 
ment land. 

A great advantage of this system is that the inhabitants of 
tiie country obtain what they -require duty free and thus 
more cheaply. 
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PART IV. 

FOREST INDUSTRIES. 

Among’ the large number of industries connected with 
-Forestry we can hero deal with only a few of the local 

industries which more directly concern the subject of Forest 
Utilization, and are in some cases carried out in or near the 
forest itself : the industries in question are the following 

I .— The manufacture of charcoal. 

II — The manufacture of turpentine and colophony. 

III. ~ The extraction of various oils and tars. 

IV. —The distillation of camphor. 

V. — The manufacture of catch and hath. 

VI.—The preparation of tannin extracts , 

VII.—The manufacture of paper-pulp. 

VIII.—The antiseptic treatment of ivood. 

IX.—The pressing and haling of hay. 


# 
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CHAPTER I. 


The Manufacture of Charcoal. 


Section I,— General. 

When wood is burnt in the presence of air it is converted 
into gases with a small quantity of asli left as residuum. If 
air be entirely excluded during burning, however, the 
wood will be converted into a number of gaseous and liquid 
products, such as carbon dioxide and monoxide, hydro-carbons, 
acetic acid, wood-alcohol, tar, etc., the residuum left behind 
being charcoal. Thus the manufacture of charcoal, or the 
carbonisation of wood as it is called, is carried out by burning 
wood out of contact with the air, and is a form of destructive 
distillation. During the burning about half the carbon is 
expelled, and the charcoal consists of what remains of the 
carbon, oxygen, and hydrogen, as well as all the ash con¬ 
stituents, the carbon constituting about 90 per cent, of the 
whole. 

Prom the foregoing remarks it will be seen that in con¬ 
verting wood into charcoal a considerable amount of waste 
takes place : this, however, is more than compensated for by 
the advantages of charcoal over firewood. The chief of these 
advantages are (1) charcoal is easier to light, and gives out a 
steadier and more intense heat, than firewood, burning with 
a smokeless flame ; the heating power of charcoal is nearly 
twice that of the same weight of wood : (2) it is always 
ready for use, and does not require to be split or cut up like 
wood : (3) it is more portable than wood, and can be trans¬ 
ported to greater distances ; the weight of charcoal is less 
than a quarter of the weight and less than half the bulk of 
the wood from which it is made. 

There are three methods of charcoal-making, in retorts , 
pitSy and kilns . 

Charcoal-mahmg in retorts is as yet of little practical 
interest in India and is carried out more for the sake of 
obtaining secondary products such as acetic acid, tar, alcohol, 
etc., than for the sake of the residuum of charcoal. In this 
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method of manufacture wood is closely stacked in permanent 
air-tight retorts or ovens made of masonry or iron, which are 
heated, the various products of destructive distillation being 
collected, and the charcoal remaining behind after combustion 
is completed. 

Char coal-malting in open pits is a most wasteful method, 
and should he employed only where wood is very abundant 
and has very little value. It is a useful method on road¬ 
making where a small quantity of charcoal is required daily 
for repairs to tools. A hole with sloping sides is dug in 
fairly stiff soil to a depth of about 3 to 5 feet and a diameter 
of about 5 feet. This is filled with dry twigs and small 
branches, which are fired and allowed to burn until all smoke 
has ceased. More twigs and branches are then thrown in, 
and the operation is continued until the pit is full of glow- 
ln g charcoal, when it is covered over with turf or moist 
earth, so that all air is excluded. In a day or two the pit 
becomes sufficiently cool to be opened, and the charcoal is 
taken out. The wastefulness of this method is due to the 
fact that the burning is carried out with almost free access 
to the air, so that much of the wood is consumed instead 
of being converted into charcoal. It requires little skill, 
however, to manufacture charcoal in this way. 

Charcoal-malting in Mins is the most important method 
for forest purposes, so that a detailed description of the 
processes of manufacture will be necessary. 


Section II— Charcoal-Kilns. 

1 I here are many different ways of constructing charcoal- 
v . us , but they approximate more or less to a few types which 
^ dl be described below. Whichever method is employed 
there are a few general rules which should be carefully ob¬ 
served. It is advisable that all the wood should become car¬ 
bonised as far as possible simultaneously, because if some 
Pieces become carbonised long before the remainder they are 
hable to become partially or wholly consumed. For this 
icason different woods varying much in density should not be 
burned in the same kiln. Another objection to burning woods 
0 different densities in the same kiln is that the charcoal 
produced by different woods is sometimes used for different 
Purposes ; hence the woods should be kept , separate from 
he beginning, as the charcoal cannot be conveniently 
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separated afterwards. To ensure eyen carbonisation very 
thick pieces of wood should be split to convenient size, and 
not stacked whole along with smaller sized billets, as the 
thick billets take much longer to burn than the smaller 
ones. In order to ensure the admission of as little air as 
possible the wood to be carbonised should be stacked 
as closely as possible, the pieces being dressed straight for 
this purpose, and the interstices being filled up with smaller 
billets and chips of wood. Unsound wood should on no 
account be used, as it will produce no charcoal. Charcoal- 
kilns vary considerably in the method of stacking, which may 
be horizontal or vertical, the manner in which the kiln is 
fired, the shape of the kiln, and other details; it will be 
sufficient for our purpose to describe a few of the chief types; 
these are (1) the paraboloidal over-ground kiln, (2) the oven 
kiln, ^3) pit kilns, (4) the prismatic kiln, and (5) the hill 
kiln. 

1. The Paraboloidal Over-Ground Kiln • 


(1) Shape and Size of the Kiln. 

The usual shape of the kiln is that of a paraboloid (vide 
Plate XXI fig. 1), the volume of which is v r 2 X where 
r is the radius and h the height, or, in terms of the circum¬ 
ference c , the volume is Usually 4 to 6 per cent, of the 
volume should be deducted, as the kiln has as a rule steeper 
sides than a paraboloid. 

Kilns vary greatly in size. A convenient size of kiln is 
obtained by making the height 8 feet and the radius 8 to 
10 feet: this gives a capacity of about 800 to 1,200 stacked 
cubic feet. The larger the kiln the less space it occupies and 
the less covering material is required in proportion to the 
amount of wood used, while fewer men are- required for 
looking after one large kiln than for supervising several small 
ones; on the other hand a large kiln requires more skill in 
handling than a small one. In Europe small kilns have a 
capacity of 400 to 1,000 cubic feet stacked, and large ones a 
capacity of 2,000 to 3,500 cubic feet. In India the capacity 
is seldom more than 1,500 cubic feet. 


(2) Site of the Kiln. 

The site for a kiln should be level and even, and situated 
in a sheltered place and in close proximity to water. The 
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*• Charcoal-burning—paraboloidal over-ground kiln. 

2. „ „ -hill-kiln. a. a'. Firing paMage. b. Vent-hole. 

3- Aravalli paraboloidal kiln. (a). Inflammable material. (6). Central stake, 
romoved boforo firing, (c). 8" layer of grasa. (d)- 3 V layer of earth. 
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nature of the soil is important: if it he too porous too much 
air will he admitted into the kiln from below, while if it be 
too stiff it does not sufficiently absorb the liquid products 
of carbonisation, and will unnecessarily, retard burning. A 
sandy loam is the most suitable, but it is above all necessary 
that the ground should be uniform, otherwise the kiln will 
burn unevenly: for this reason all vegetation should be 
removed by the roots, all stones should be taken out, and 
the site should be raised about 8 to 12 inches in the centre, 
sloping outwards evenly to the circumference, to allow such 
liquid products as are not absorbed by the soil to run out. 

After the site lias been thus carefully prepared it should 
be allowed to settle for tv r o or three months until it becomes 
firm. Before the kiln is built the site, if at all damp., should 
have a layer of dry brushwood and leaves burned on it. 

The best form of site is an old site which has been 
used previously, but even then the surface should be prepared 
again if at all uneven, (lie small pieces of charcoal lying on 
the site being broken up and mixed with the soil. 

The site should be traced out in the form of a circle of 
the required radius. It is advisable, wffien there is much 
wood to he carbonised, to have several kilns close together. 

(3) Building the Kiln. 

The kiln is built up by two tiers of billets stacked 
vertically, and a third, the topmost, stacked horizontally 
(vide Plate XXI, fig. 1). If the vertical billets are cut 3 feet 
in length, and the topmost tier is stacked 2 feet thick in the 
centre, the height of the kiln will he 8 feet, wdiich, as stated 
above, is a convenient average height. Large kilns may be 
composed of more than two tiers of vertical stacking. 

Before stacking is commenced it is necessary to construct 
a flue or chimney up the centre. This is done by driving 
three upright stakes into the ground in the centre of the site, 
the stakes being a foot apart and forming an equilateral 
triangle; their height above ground should be at least equal 
to the total height of the kiln. These stakes are bound 
r °und with withes or twisted grass so as to form a hollow 
chimney, which is filled with dry combustible material, such 
as straw, shavings, chips of w ood, or branches. The kiln may 
5e fired either from above or from below: in the former case 
the smallest pieces are placed- on the top,.and in the latter 
case they are placed below. A small board is usually placed 
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on the ground at the bottom of the flue to keep off the damp 
of the soil. 

To ensure a correct shape for the kiln, the circumference 
should he carefully pegged out in the form of a circle. The 
stacking then commences from the centre. The billets are 
all cut to the same length, trimmed straight, and stacked 
as closely as possible ; they should rest on their thick ends so 
that the necessary slope of 60° to 70° may be given to the 
outside of the kiln. A few thin split billets should be placed 
next the chimney to ensure the wood catching fire readily. 
The thickest billets should be placed where there will be most 
heat, that is, about half-way along the radius. G-rcat care 
should be taken to see that the regular paraboloidal shape of 
the kiln is maintained during stacking, while all interspaces 
should be filled up with smaller pieces of wood. 

If the kiln is to be bred from below, a narrow passage, 
extending along one radius from the centre to the circum¬ 
ference, should be constructed along the ground; this is 
necessary for lighting purposes. This passage is made by 
laying a straight pole along the ground, carefully stacking 
the billets over it in the form of an X, and withdrawing the 
pole after the stacking of the kiln is completed. 

The stacking of the two lower tiers, and even of all three 
tiers, can proceed simultaneously. The second tier is stacked 
in the same way as the lowest tier, but the top tier is stacked 
horizontally, various sized billets being used, so that the 
rounded shape of the top of the kiln may be obtained. 

(4) Covering the Kiln. 

In order to exclude all air except what is absolutely 
necessary to maintain combustion, the kiln has to be covered 
over with some material pliant enough to yield without 
breaking as the kiln subsides during carbonisation. It has 
been found by experience that the best covering consists of 
two layers, an inner layer composed of turf, soft green grass, 
leafy twigs, ferns, moss, or green weeds, and an outer layer of 
wet earth, preferably mixed with charcoal dust, which is 
plastered over the inner covering: this outer covering should 
consist of fine earth free from stones and other large frag¬ 
ments. The inner covering is laid on commencing from 
above, and should be thick enough to prevent the earth of 
the outer covering from falling through. It should not be 
made too thick near the ground level until combustion has 
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well started, when it can he closed up. The chimney should 
also be kept uncovered till the kiln is well alight. 

The outer covering is usually plastered on commencing 
from below, and should he thicker on the top than on the 
lower parts. Round the ground level the kiln is frequently 
left uncovered at first, the covering being applied as burning 
proceeds. The covering has to be kept from sliding off the 
steep sides of the kiln; this is done by supports consisting 
of upright forked sticks a few feet apart, with horizontal 
poles resting on the forks. Two or three tiers of such 
supports may he necessary. 

If the kiln is not in a sheltered place a screen of branches 
or thatcli-grass should be erected on the windward side of it. 


(5) Tiring the Kiln. 

If the firing is done from the bottom, a pole with a 
bundle of burning straw tied to the end of it is pushed 
along the passage made for the purpose, and the inflammable 
material in the chimney is set alight ; as the material in the 
chimney sinks during burning more material is stoked in 
from the top until the kiln is well alight, after which the 
chimney is filled tight with short billets of wood to prevent 
the stacked material from falling in. The lighting passage is 
then also filled with billets, and its entrance, as well as the top 
°f the chimney, is covered over. 

In firing from above, a dish of live charcoal is thrown in 
from the top ; the burning charcoal is then mixed up with 
the inflammable material in the chimney by means of a stick. 
When the kiln is well alight the chimney is filled, as before, 
^ith short billets and the top is covered. 

Tiring from below renders the stacking more difficult 
than firing from above, but the latter is less certain in 
ffs results than the former, as the fire, if applied from above, 
^ay fail to reach the bottom of the chimney, causing retarda¬ 
tion in the carbonisation of the lowest tier. 


(6) Method oe Conducting the Burning. 

When the kiln is well alight the fire spreads outwards from 
the centre in the form of an inverted cone with the 
base gradually widening outwards. The first sign of burning 
I s that bluish-grey vapour issues forth from the surface of the 
hiln ; this is' followed by a thick pungent yellowish brown 
s uioke, which in turn gives place to a clear blue flame when 
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carbonisation is complete. Prom these characteristic signs 
the charcoal-burner can trace the progress of the burning. 

Theoretically the burning should proceed evenly all round 
the kiln until it readies the base, when the whole kiln 
becomes carbonised. In practice, however, this is never 
attained, owing to unequal stacking, currents of air, and 
other circumstances : hence it is necessary to regulate (lie 
burning so as to keep it as even as possible. This is 
done by making small holes through the covering with a 
stick just in front of the line of burning in places where i lie 
combustion is too slow. Where the burning is proceeding 
too fast the covering should be thickened. In this way the 
charcoal-burner should endeavour to keep the circle of smoko 
at the same level all round the kiln. All holes should 
bo closed up as soon as the blue flame appears after the thick 
smoke, as this is a sign that the charcoal is on lire- fresh 
boles should then, if necessary, be made lower down 

During burning the contents of the kiln subside tbrouo-h 
iossof volume: this causes cracks to appear in the covering 
iv hue hollows are sometimes formed, the covering sinking and 
ol ton breaking. All cracks should be mended at once as 
they cannot usually be closed up by plastering them oyer, 
the best way to mend them is quickly to break off all loose 
edges and replace them with fresh mud. Hollows should be 
filled up at once; this is done hy removing the covering 
quickly, pushing in fresh billets, and covering over the gap 
as rapidly as possible. The charcoal-burner should frequently 
tap the sides of the kiln with a thick stick to detect the 
presence of hollows before the covering actually falls in 

The kiln has to ho watched carefully by night as well 
as by day. Before nightfall all cracks and hollows should he 
filled up, and the cover thickened on the side from which the 
vvind is expected to blow, and especially round the base 
of the kiln, where draughts are most liable to enter. At 
intervals during the night the kiln should he examined 
for cracks and hollows, and n supply of dry straw or grass 
should be ready for lighting in case light is required in 
an emergency! 

When the smoke has reached tlio base of the kiln, and has 
been replaced by blue flaino, which in turn disappears, the 
carbonisation is complete, but as the charcoal smoulders for 
somo time alter it should be earofulJy watched, the covering* 
being thickened ’ 
fire. 


where necessary to prevent the outbreak of 
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(7) Openings the Kiln. 



The great clanger in opening a charcoal-kiln is that 
the charcoal takes some time to cool, and may burst into flame 
it the kiln is opened too soon. Tor an average-sized kiln the 
kiln should, if possible be left for a week or more before open¬ 
ing. If this is impracticable it may be opened sooner if pro¬ 
per precautions are taken: for this purpose the kiln should 
be opened only at night, when the air is damp and cool, and 
because smouldering pieces can then be easily detected. A 
small section of the kiln is broken down on one side, the 
charcoal is raked out, and the hole is quickly covered up 
a §ain; all smouldering pieces are separated and covered with 
earth until the glow is extinguished, or a small quantity of 
water maybe used for this purpose. A new hole is then made 
ln < another part of the kiln, and more charcoal is taken out : 
this operation is repeated at different points in the side of 
the kiln until all the charcoal has been extracted. Water 
should never be poured over the charcoal in large quantities, 
as it spoils the quality of it. 

As soon as the charcoal is cool enough it should be sorted 
and put away under cover, ms it absorbs moisture readily. 
Even if the greatest dare is taken in the carbonising operations 
it will be found that some of the wood is not completely 
converted into charcoal; such half-carbonised wood should be 
kept for use in kindling.fresh kilns. 


(8) Modifications of the Paraboloidal Kiln. 

There are many modifications of the paraboloidal kiln, 
among which may be mentioned the Aravalli kiln, used in 
ivierwara, the chief advantages of which are that it requires 
do water in its construction, and that it takes only 24 to 36 
* °on S A k urn ’ being small in size. The average capacity 
lf ? ^0 to 300 cubic feet of stacked wood. In this kiln, 
shown in Plate XXI, fig. 3, the stacking is done vertically 
"flli one tier of billets of varying length, usually from 3-J feet 
^wards, the longest being towards the centre and the 
or tost towards the circumference. The covering consists of 
( “ lnc b layer of grass, pver which is a 3-inch layer of 
4 P ( ;V; arnmed tight. The total height of the kiln is thus about 
l>He 1 1 ;S a ru *°* Tiring is done from above: an upright stake 
of iif, U1 thecentre of kilnhefore stacking, having a heap 
1 Runnable material at its base, is withdrawn, and 
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aiming charcoal is thrown into the hole formed, the kiln 
being thus set alight. 

2. The Oven Kiln. 

The distinguishing feature of this form of kiln, which is 
11 i 11 XXII, is a thick covering of mud which 

at + ^ r 1 st burnin S of fhc kiln becomes baked into a hard 
crust. The charcoal is taken out through a hole made in the 
side of the hard covering, which can then be re-filled with 
wood and used again several times. These kilns are commonlv 
seen m Oudh. J 

The details of manufacture in such kilns vary. In some 
localities they are built entirely above ground and in others a 
circular hole 1^ feet deep is dug as a foundation for the kiln. 
These kilns are paraboloidal in shape, and vary from 9 or 

lv fw 0 a T? Ut U f ? C - fc “! dl , a “ eter > the height being about 6 
1 W ° 0d i 1S Sta0ked vci ' ticall y as hi the ordinary 
paiaboloidal kiln, and an outer covering of mud is plastered 
over an inner layer of leaves to a thickness of some 6 inches 
JNo chimney is used, the kiln being fired through holes in the 
covering at ground level: a hole, however, is sometimes left in 
the top until the wood is well alight. 

During the burning, which occupies from three to ten 
days, hollows are not broken in and filled up as in the 
ordinary paraboloidal kiln, but the covering is allowed to 
bake into a hard crust. Cracks are plastered over with wet 
mud wherever they occur. After burning is completed the 
charcoal is allowed to cool for two days, when the kiln is 
op«*nert by hr, hole in the side. After the charcoal k 

removed the kiln is re-filled with wood and again kindled. 

The yield of charcoal is smaller in the first burning than 

in the subsequent burnings. ° 

3. Pit Kilns. 

A pit kiln is a kiln the lower part of which is stacked 
within a pit dug in the ground : the object of this pit is 
partly to reduce the area over which the covering lias 
to be made and looked after, and partly to facilitate the 
exclusion of air. The depth of the pit varies, but where it is 
ureat vent-holes have to be dug obliquely through the 
Jp'ound leading to the bottom of the pit. A convenient 
form of pit is a circular pit 1 to 2 feet deep : the shape of the 




Oven kilns in process of burning. 
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® c Pt., Thomason Oolloge, Roorkec. 

Burning completed, kiln on left emptied; 
THAT ON RIGHT STILL UNOPENED. 
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kiln -would then be paraboloidal. At the bottom of the pit 
a layer of dry leaves and twigs, 4 to 6 inches deep is first 
spread, to ensure the firing extending along the bottom, 
of the pit and also to absorb liquid products, which cannot 
escape from the pit. 

The stackin 0 * may be either horizontal, or vertical as 
in the^abobfdaT oWound kiln ; the former xs usually 
adopted! When stacking a pit kiln horizontally, pieces of 

different size are used, some being placed ^J^efL the 
tangentially ; each layer should be packed closely before the 
next layer is placed on it. The advantage of horizontal 
stacking is that billets of aU sizes may be used. 

Up the centre of the kiln a chimney is constructed, and 
firing takes place from the top. The sides of the 
ground level should be kept open until the fire has spread some 
distance down into the kiln, while it may be necessary to 
keep one or two holes open at the ground level until carboms- 
ation is complete. 

Horizontal stacking, owing to the fact that billets of al 
sizes can be used, is less expensive than. vertical stacking . 
it is, however, difficult to do well, but this is not such a serious 
drawback where the pit kiln system is employed as wh^e the 
stacking is done entirely above ground. The outturn oi 
charcoal from horizontally stacked pit ki ns is coiisiceia i j 
less than that obtained from over-ground paraboloidal lalns 
Where skilled charcoal-burners are not av ailable the hoi 
zontally- stacked pit kiln is a suitable form to adopt. 


4. The Prismatic Kiln. 

The name given to this form of kiln hardly describes its 
shape. The base is a rectangle, but the sides are more or 
less rounded. In this form of kiln the wood is stacked hori¬ 
zontally, and its chief advantage is that the pieces do not 
require to be cut up so small as in other methods : the most 
convenient mode of stacking is to place all the longest pieces 
at the bottom, running, if necessary, throughout the whole 
length of the kiln. There is no chimney, but a passage is left 
along the ground, extending from one end of the kiln to the 
other ; this is filled with combustible material and fired from 
both ends. The prismatic kiln is easy to construct, but is 
somewhat difficult to cover, and is liable to breakage through 
Unequal settling. 
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5. The Sill Kiln. 

This is a special form of kiln, usually of small size, 
adapted for hilly country, where level sites are difficult to 
obtain and strong winds make the conduct of burning opera¬ 
tions difficult. The base of the kiln is rectangular, and its 
general shape is shown in Plate XXI, fig. 2, which gives a 
longitudinal section through the kiln. 

The site of the kiln is prepared by making in the side of a 
hill a cutting, the base of which should slope slightly out¬ 
wards ; the side of the cutting should slope at an angle of 
about 60°. The site should be allowed to settle for some time 
before use, as the outer part is made of earth. 

As the kiln is sheltered on the hill side and exposed to 
winds on the valley side, the carbonisation will be more 
rapidly carried out on the latter side ; hence towards the out¬ 
side the kiln should be highest and should contain the largest 
billets. The wood is stacked horizontally, and- a passage 
(a a) is made along the ground, extending right through the 
kiln from front to back ; this is filled with combustible 
material, and is used for firing the kiln. The usual covering 
is applied over the kiln, but a vent-hole, b, is left at the 
back ; this is kept open until carbonisation is nearly complete. 
I he outer face of the kiln, being steep, has to be supported by 
struts, as shown in the diagram. The front of the firing- 
passage is left open until the kiln is well alight, when it is 
closed and holes are made in the sides of the kiln and 
at either side of the vent-hole b } as required. 




Section III.— Yield oe Chaucoal. 

The amount of charcoal yielded by a given volume of 
wood varies according to the circumstances under which the 
burning is done : in unfavourable weather, or where the 
stacking and burning is carried out carelessly or unskilfully, 
the yield will be comparatively small. Assuming, however, 
that the burning has been properly done in favourable weather, 
the yield will still depend on the nature of the wood used 
and the system of carbonisation employed. As regards the 
woocl, dry wood will naturally yield a greater proportion 
or charcoal for its volume and weight than green wood, as the 
ioruier has already shrunk and lost weight to a certain 
extent. Resinous or oily woods usually produce more 


MINlSr^ 


259 




charcoal than other kinds, owing to their greater inflamma- 
kdity, which ensures proper burning throughout the kiln. 

The method of burning employed affects the yield of 
charcoal .considerably. It lias already been said that the 
most wasteful method is the open pit method. 

In specially built retorts the yield is largest. As far 
as kiln9 are concerned, an accurate comparison of the 
yield from the various kinds of kiln is not possible without 
reliable figures, which are not available. A fair yield of 
charcoal from any kiln is usually put down at 20 to 30 
per cent, by weight. Figures from Klieri, Oudh, give the 
yield by weight of charcoal made in oven kilns at 36 per 
cent. Figures regarding charcoal have, however, to be 
accepted with caution, because charcoal absorbs moisture 
rapidly and increases considerably in weight during damp 
weather; hence comjiarative figures can be accurate only 
if the charcoal is weighed immediately it is taken out of 
the kiln, and even then there may be local climatic condi¬ 
tions which affect the yield differently in different places. 
For these reasons a comparison of the various kinds of kiln 
as regards quantity of charcoal jiroduced would be mislead¬ 
ing. It has been proved, however, that where firing 
is done from below, the yield is usually greater than where 
the firing is done from above, because in the former case 
the fire spreads more readily through the entire kiln, 
carbonising a larger proportion of wood than if the firing 
is done from above. Vertical stacking is also said to produce 
a higher yield than horizontal stacking, though much will 
naturally depend on the care and skill of "the charcoal- 
burners. 


Section IV.— Properties op coon Charcoal. 

Charcoal is a dry, black, porous, but fairly hard substance, 
With a lustrous appearance, of low specific gravity, and 
without taste or odour. Its weight is more or less propor¬ 
tional to the weight of the wood from which it is made, 
Charcoal absorbs moisture readily, and in damp weather 
weighs considerably more than it does in dry weather ; lienee 
^ is preferable to sell it by volume rather than by weight. 

Cood charcoal is black with a metallic lustre and 
oonclioidal fracture, should give a clear ringing sound when 
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struck, and should burn without smoke and with a clear 
transparent flame. If the charcoal has been allowed to 
burn too long in the kiln it becomes deep black and loses 
its lustre, becoming more porous and lighter: such charcoal 
takes fire quickly, burns without smoke or flame, and is 
quickly consumed. If the wood is incompletely carbonised 
the charcoal has a reddish colour, and gives out much 
smoke in burning. 
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CHAPTER II. 


The Manufacture of Turpentine and Colophony. 

Section I.— General. 

Crude pine resin consists of two principal constituents, 
oil of turpentine, a liquid, and rosin or colophony, a substacsii 
solid ac ordinary temperatures. These two substances can 
l)c separated by distillation under the action of heat, the oil 
oi turpentine being distilled off and the colophony remaining 
as a residue. 

Colophony is used in soap-making, for sizing paper, 
soldering, m the manufacture of sealing wax, varnishes,* 
cements, and ointments, for mixing with shellac to lower its 
melting point and for other purposes. Oil of turpentine is 
largely used in the preparation of paints and varnishes, as 
well as in medicine: it is also extensively emjdoyed for 
dissolving fats, resins and caoutchouc, and has recently been 
used as a raw material in the manufacture of artificial 
camphor. 

There arc various methods of distilling turpentine oil— 
both from resinous wood and from the crude resin obtained 
uy. tapping trees. In India the process hitherto adopted in 
resm distilleries has been the primitive water-distillation or 
turnace heat process, of which a description is given below, 
in America this process has been discarded in favour of 
superheated steam distillation, since the latter has been found 
to produce a better quality of turpentine oil than the former. 
In India also the primitive furnace beat distillation is also 
giving place to steam distillation, for at the new resin 
distillery now being established at Shahdara near Lahore 
Hearn distillation w ill b.e the process employed, while at the 
Lhowali distillery, in the Naini Tal Forest Division, a new 
steam distillation plant is to be erected, to replace the 
turnace heat plant hitherto in use there. 

ft - t 4 description of some of the principal methods of resin 
~ ^illation will now be given, 'ihe method of water distil- 
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^.* s ( t escr ibed in some detail, in spite of its being more 
primitive and less satisfactory than the more modern processes, 
because it is the only one which has hitherto been employed 
m India, and considerable experience has therefore been 
gained in the details of the process. 

Section II.— Water Distillation. 

_ Tbls process, which is a primitive one, has been employed 
7 1 S ?f n 7 e y ear s for the distillation of the crude resin of l?inus 
ongifolia at the Bhowali distillery in the Naini Tal Forest 
t” an f t -1 le ^alsi distillery in the Chakrata Forest 
tillpv-B°hi +i U -n- W , as foymerly employed at the Nurpur dis- 
at til 1 )plim lin l a1, > prior to its closure some years ago, and 
Alllil tl r before its transfer to ICalsi. 

distillprip fv Cel J airi sl'ght differences of detail at the various 
merStt , f ° ll 0 r mS description, based mainly on the 
the process •— ° m f ° rCe at B!l owali, gives a general idea of 

irriloa /. W of crude resin. —The crude resin, which 

snob lom the forest in tins, always contains impurities 
lie pieces of hark, etc., which require to 

rnrmpv ™ . ^be resm is accordingly first heated in large 
thronolF fi S Un ^ ^ ls thoroughly melted, and is then passed 
separated ^ WirG ^ auzc s ^ eves ’ the impurities being thus 

Plat XX ITT^ °^ t? °f K till used is that shown on 

Ski?” “? “ “h" iwS!. w™ r ‘iTBhSS 

«h Sffl f ^iTlf cmi ° " si " 

the time of chart-W tT ,ottles of water are added at 

'v^to l aSd f f /l T' T b e resin, with the added 

what higher wht d5^? n r lU,e of about 150 °C- or some- 
taken not to ra W tbp ^i * commences. Care has to be 
temporal,urcs not on I v 1 ' lr d? eratl . u ’ e above 175°C. : at higher 
rate*but to disinteg- 

besides which the bon rip^'nwi^^r ^T letl ovei ' witl1 tlie oil ’ 
quality of £ ttupeSfoil T ^ out > vitiating the 
perature than is Si able T)tlm r 75 C ' is a b ighcr°tem- 

ubout f of im bou 7 after tbc 1 pH U8llall y commences 

our alter the borler is charged, when water 


DIAGRAM OF A SIMPLE TURPENTINE DISTILLERY. (WATER DISTILLATION PROCESS). 






a. Coppef boiler. 

b. Hole for admitting crude resin, with plug. 

c. Dome. 

d. Copper pipe. 

e. Condensing tanks. 

f.g.i. Water tank. 

h. Receiver for collecting oil of turpentine. 

*■ Tap for emptying out colophony. 

1. Furnace. 


[To face page 262. 
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is turned on, from the tank, % and is allowed to drip steadily 
through a bent funnel into the boiler during the process of 
distillation. The steam generated by the heat of the furnace, 
containing oil of turpentine, passes up through the dome c 
and along a copper pipe, d , which terminates in a spiral worm 
passing through a condensing tank, e , through which a con¬ 
stant steam of cold water flows from a tank,/, to another tank, 
g. The oil mixed with water, issues from the condenser into 
the receiver h, the oil remaining on the top and the water 
sinking to the bottom. When the flow of oil into the receiver 
h becomes small and shows signs of ceasing, the water from 
the tank i is shut off ; this is very necessary, for if water is 
left in the colophony the latter becomes opaque. The boiJer 
is then heated up for a few minutes to drive off any water 
remaining in it, and the fires are extinguished, after which 
the colophony is passed out through the tap Jc in a liquid state, 
strained through cloth, and allowed to cool and solidify in 


large pans. 

Where water is not readily obtainable, the water which 
passes into the tank g is allowed to cool and can be used over 
again. Where a plentiful supply of water is available, and 
can be laid on by pipes from outside, the two water tanks, f 
and g, can both be dispensed with, the water being led 
straight into the condenser. Care should be taken to heat 
the boiler gradually at the commencement, otherwise the 
resin, if overheated, is liable to overflow and choke the 
condensing pipe ; to prevent a similar accident the dome c 
and the perpendicular part of the pipe above it should be not 
less than 2 feet high. 

The dimensions of the still differ according to require¬ 
ments : the capacities of the stills hitherto used in India have 
ordinarily varied from 2 to 6 maunds of crude resin, and it 
has been found possible to work 4 charges per diem, the 
process of distillation taking 3 hours for each charge. 
The pattern of the turpentine-receiver varies; in some 
receivers the turpentine flows off of its own accord into 
storage tanks, while the receiver shown in the diagram 
consists of a copper cylinder, with glass on the side, fitted 
with two taps, turpentine being drawn off by the upper 
and water by the low r er one. 


The flat-topped boiler, as shown in the diagram, is open to 
objection on the ground that the steam containing the oil 
vapours cannot pass out quickly enough, but striking the 
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top condenses and falls back into the resin ; a dome-shaped top 
would probably giye better results. 

At Bhowali 43 quart bottles of turpentine are obtained at 
each distillation. The last 13 bottles contain impurities, 
and it has been found advisable to re-distil these in a 
separate still. One maund (80 lbs.) of crude resin of Finns 
longifolia produces on an average 1-J gallons of oil of 
turpentine and f maund of colophony. 

(3) Purification of oil of turpentine .—The oil of turpen¬ 
tine when freshly distilled is of a milky appearance, owing 
to mixture with water, and has a somewhat disagreeable 
odour. This may be attributable to overheating of the stills. 
The purification of the oil is effected by allowing it to stand 
in bottles in the sun for about 2 days, when the water 
separates out in the form of drops on the sides of the bottle ; 
the liquid is then filtered through blotting-paper, most of the 
water remaining on the side of the bottle and the remainder 
being absorbed by the blotting-paper. This procedure is open 
to the objection that some of the volatile portions of the oil 
are lost in the process; it would be unnecessary if the oil 
were rectified by redistillation. 

Washing with lime-water purifies the oil by getting rid 
of the free acids which it contains in its crude state, as well 
as some of the resinous impurities that are mechanically 
carried over. Purification of the oil can be accomplished 
most effectively by redistilling it after washing with lime- 
water. Rectification by redistillation, however, lias never 
been resorted to m the Indian distilleries. 


Section III.— Steam Distillation Processes. 


1. General . 

Water lias been used for the distillation of essential oils 
trom ancient times and in the most primitive methods the 
HSiSTZ serving to sepiate the mm. volaS'e 

constituents from the non-volatile materials. The distilla- 
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been universally replaced by steam distillation. The latter 
is particularly necessary in the case of those materials which 
are liable to char by coming in contact with stills heated 
directly by open fire, and in the case of gums and oleo-resins 
whose products of distillation would deteriorate in quality by 
over-heating. Tuiqientine oil, though not a very delicate oil, 
is nevertheless highly sensitive to heat, and is liable to 
become heavy owing to overheating in water distillation. 
The water distillation process is not rapid, nor is it possible 
to distil by its means a large quantity of the material at a 
time. In the case of turpentine oil, therefore, steam distilla¬ 
tion is a great improvement on water distillation in that the 
danger of overheating is obviated and operations can be 
carried out on a much more extensive scale. 

Steam distillation has not yet received a practical trial in 
India, although, as mentioned above, it is being started 
at Shahdara near Lahore and in the Bhowali distillery in the 
United Provinces. It would therefore be premature to give 
here any but a mere outline of the chief processes, based 
mainly on American experience. 


2. Mixed Method of Distillation. 

In-this process the crude resin, placed in a form of steam 
still set up over a furnace, is heated to about 130°-140° C., 
when steam is admitted. In this process, steam serves a 
three-fold purpose, as an agitator, as a disintegrating agent, 
and as a means of conveying the vapours of the spirits of 
turpentine to the condenser. 

It may be noted here, that if steam is passed without 
initially heating the crude resin, too much water comes 
over and very little oil of turpentine, so much so that 
commercially speaking this method of distillation, that is 
with wet steam only, is inadmissible: apart from this the 
yield of oil is extremely poor. 

3. Superheated Steam Distillation. 

This is the most recent method in general use. I lie 
crude resin is kept in a steam jacket, that is, a closed space 
surrounding the still, which has a double bottom and sides; 
the still is fitted inside with a steam coil. The temperature 
of the chamber is made to rise to 150° C., by letting in steam 
into the coil and the jacket at a pressure of four to seven 
kilograms per sq. cm.: at this temperature the volatile 
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top condenses and falls back into the resin ; a dome-shaped top 
would probably giye better results. 

At Bhowali 43 quart bottles of turpentine are obtained at 
each distillation. The last 13 bottles contain impurities, 
and it has been found advisable to re-distil these in a 
separate still. One maund (80 lbs.) of crude resin of Finns 
longifolia produces on an average 1-J gallons of oil of 
turpentine and f maund of colophony. 

(3) Purification of oil of turpentine .—The oil of turpen¬ 
tine when freshly distilled is of a milky appearance, owing 
to mixture with water, and has a somewhat disagreeable 
odour. This may be attributable to overheating of the stills. 
The purification of the oil is effected by allowing it to stand 
in bottles in the sun for about 2 days, when the water 
separates out in the form of drops on the sides of the bottle ; 
the liquid is then filtered through blotting-paper, most of the 
water remaining on the side of the bottle and the remainder 
being absorbed by the blotting-paper. This procedure is open 
to the objection that some of the volatile portions of the oil 
are lost in the process; it would be unnecessary if the oil 
were rectified by redistillation. 

Washing with lime-water purifies the oil by getting rid 
of the free acids which it contains in its crude state, as well 
as some of the resinous impurities that are mechanically 
carried over. Purification of the oil can be accomplished 
most effectively by redistilling it after washing with lime- 
water. Rectification by redistillation, however, lias never 
been resorted to m the Indian distilleries. 


Section III.— Steam Distillation Processes. 


1. General . 

Water lias been used for the distillation of essential oils 
trom ancient times and in the most primitive methods the 
HSiSTZ serving to sepiate the mm. volaS'e 

constituents from the non-volatile materials. The distilla- 
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constituents of the resin come over. The vapours are led 

in ° f• i°I? C cylinder, a kind of tubular condenser 

w licli tii ere are mechanical arrangements for causing a 
partial vacuum during the process of distillation. This 
process, therefore, is a combination of vacuum distillation 
c nc s earn distillation; it is said to produce oil of turpentine 
oi a very good quality. 

In another method of distillation by superheated steam the 
s earn jacket is replaced by an ordinary steam still contain¬ 
ing crude resin, which is kept hot by means of a closed steam 

coi heated to 100°C., superheated steam being let in when 

iat temperature is reached. This process is said to be a 
very rapid one. 


4. Vacuum Distillation. 


A patent has recently been taken out for distilling turpen- 
me in vacuo. The crude resin is heated and distilled in a 


vacuum and mechanically agitated at the same time. The 
vacuum is produced by suitable pumps driven by engines. 

e apparatus used for agitating the crude resin lias mecha¬ 
nical stirring arms and has its outlet connected with a 
reilux condenser, so that the heavier volatile substances fall 
oack into the heating chamber, whilst the more volatile con¬ 
stituents pass on to a second condenser. After the material 
cs ieen sufficiently heated, air is admitted into the 

and . the raass is allo ^ed to stand in order to cause 
the solid impurities to settle, after which the impurities and 
the water are separately drawn off P a 


ttmSTffy. 



a. Boiler (earthen pot). 

b. Small inverted brass pot 
o. Copper tube. 

d. Condenser (copper pot). 

e. Water-tank. 

/. Furnace. 


2. RUSA-GRASS OIL STILL. 



a. Dollar (Iron). [To £ace page 267. 

b. Bamboo tube. 

c. Condenser (copper). 

















MINfSr^ 



CHAPTER III. 


The Extraction of Various Oils and Tars. 

Section I.— Sandalwood Oil. 

Sandalwood oil is obtained by distilling by the wet process 
chips of the heartwood of the sandalwood tree (Santalum 
album), the root-wood being preferred. Although part of the 
sandalwood oil of commerce is distilled in Europe from wood 
exported from India, the oil is also locally distilled in some 
parts of the Madras Presidency, the stills en^loyed being of 
a primitive kind. There is a sandalwood oil distillery at 
Mankapur in the Gonda District of the United Provinces, 
whither the sandalwood is brought all the way from Mysore, 
fuel being plentiful at Mankapur. The form of still used 
varies slightly in different places, but the principle of the 
still is as shown in Plate XXIV, fig. 1 : a is a large earthen 
pot placed above a furnace, f; into the pot a are put about 6 
gallons of water and 56 lbs. of fine sandalwood chips, and 
a small inverted brass pot, b , is then placed over the p>ot 
a and tightly fixed to it by means of clay and cloth. 

Prom the pot b a copper tube about 1^ inches in diameter 
and from 3% to feet in length leads into another copper 
pot, d, of about 3 gallons capacity, which is suspended in 
a trough of cold water. The mouth of the pot d is covered 
with leaves and coarse grass. When the boiler a has been 
charged the furnace is lit, large fuel billets of above 6 inches 
diameter being used to produce a strong steady heat; the 
steam thus generated passes down the pipe and condenses in 
the vessel d , in which the water collects with oil floating on 
the surface. The oil is skimmed off and collected in another 
vessel, only a small quantity of oil being obtained each time. 
In a still of the size here mentioned one boiling takes 21 days, 
when the boiler is immediately re-charged; tho fire is kept 
burning night and day. As many as a dozen such stills are 
usually constructed side by side in a line, the whole system 
of stills being set in mud bricks. The diagram gives the end 
elevation of such a system of 8tills, showing a single complete 


misr^ 


268 




still side view. In the Mankapur stills one boiling lasts for 5 
days only, and the contents of the condensing vessels, 
containing water and oil, are emptied daily. There are 2 to 
8 condensing vessels to each boiler, and the size of the latter 
varies accordingly. 

Sometimes the boiler has no inverted pot over it, the 
copper tube leading straight out of a lid fitting tightly to the 
top of the boiler. In some stills there are two tubes leading 
out of one boiler, the lower end of each tube fitting tightly 
into a narrow-necked copper condensing pot, there being 
thus two condensing pots in each cooling-tank. 

The average outturn per annum for a still of the capacity 
mentioned above is estimated to be about 21 lbs. of oil. The 
yield of sandalwood oil is generally put down at 2^ per cent, 
of the wood used. 


At Kanauj in the United Provinces, where distillation 
is extensively carried on, the proportion of oil is stated to be 
never below 5 per cent. In this case the sandalwood is 
reduced to a tine powder by filing; this powder is soaked in 
water for 48 hours and then placed in a still of copper tinned 
inside. The Kanauj distillers maintain that wood yielding 
less than 5 per cent, of oil is of inferior quality. 

According to Puran Singh, * a properly equipped plant 
for the distillation of sandalwood oil should consist of the 
following : — 


(1) A rasping machine to reduce the wood to fine 

filings. 

(2) An efficient form of steam still complete with 

tubular condenser, llorentine fiasks, etc. 

(3) A small copper still for re-distillation of the oil. 

(4) A boiler capable of generating superheated steam. 


Section II.— Deodak Oil. 

Deodar oil is obtained by the destructive distillation of 
c ops o.| deodar wood. The chips are placed in an earthen 

1 IT.?, ui a na f row , mOTlth ’ which is in rated into an empty 

the vo "i ' a , ! n ‘. oad , m0l l th - ^ l '° is then applied round 
o vessel containing the chips, and the oil trickles down into 
li e lower vessel: s, the chips themselves are lighted 

* Forest Bulletin No. 6, l9ii. 
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inside the inverted vessel, this causing the expulsion of the 
oil. The oil obtained by this primitive method is by no 
means pure, being mixed with acids and tarry ingredients. 

% 


Section III.— Pine and Teak Tar. 


Tar may he obtained from any species of pine, the chief 
species employed in India being Firms longifolict. There are 
two principal methods of manufacture. In Jaunsar the 
method employed is as follows:—A kiln is built of stones 
and mud-mortar, the inside, which is egg-shaped and tapers 
towards the bottom, being faced' with lime: the internal 
dimensions are height 5 feet and maximum diameter also 5 
feet. At the bottom is a perforated iron plate, while at the 
top is an opening 2 feet in diameter. Pieces of pine wood 1 to 
2 feet long and 4 to 6 inches in girth are introduced 
through the upper opening and packed as tightly as possible 
inside; the opening is then closed with stones and mud, 
except for three small holes to admit air. The wood is lit 
from the top and burns downwards, the rate of burning 
being regulated by closing or enlarging the holes. Crude 
tar mixed with acids drips through the perforated plate and 
is collected in tins placed below, charcoal remaining within 
the kiln. The burning takes about 9 days to complete, the 
charge of 15 maunds of wood producing maunds of 
tar and 6 maunds of charcoal. 

The second method,'which does not produce so much tar 
and charcoal per unit of wood, is as follows :—Dry chips of 
wood are placed in an earthen pot, in the bottom of which a 
few small holes have been drilled; the mouth of the pot is 
then closed with clay, and the pot is placed over a smaller pot 
which has been placed in a hole in the ground, the joint 
between the two pots being then tightly luted with clay, 
hire, usually of eowdung, is applied round the upper pot and 
kept burning for 8 or 9 hours, the tar dripping through 
the holes into the lower pot and charcoal remaining in the 
upper one. It is preferable to have two or three sets of pots 
close together and one fire applied round the whole; by this 
means the cost is considerably reduced. 

Pino tar is used in India for tarring bridges, posts, roofs, 
etc.; by itself it is somewhat thin and liable to wash off, and 
psually requires to be mixed with one-third coal tar ? 
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Tar can be obtained from teak by the same methods and 
is used for the same purposes, and also for anointing sores on 
buffaloes. 

Section IY.—Oil erom Oil-grasses. 


1. Rusa-grass Oil. 

The distillation of Eusa-grass oil, from Cymbopogon 
Martini , is carried out in various parts of Central India by a 
method of wet distillation similar in principle to that 
employed for the distillation of sandalwood oil^ the chief 
points of difference being that in the distillation of Ensa- 
grass oil an iron boiler and a bamboo tube are employed 
in place of an earthen boiler and a copper tube, while the 
condenser is placed in a stream instead of in an artificial 
water trough. 

The oil is distilled chiefly from the flowers, the best season 
for collecting being from the middle of September to the end 
of October. The flower-stems are cut to a length of about 1-J- 
feet from the top, so as to obtain only the flowers and a few 
of the upper leaves, and those which cannot be immediately 
distilled are tied in small bundles and dried, in the shade 
if possible, and stacked near the still. Distillation is carried 
out from the middle of September to the end of December. 
The distilling apparatus (vide Plate XXIY, fig. 2), consists of 
an iron boiler a , varying in capacity, into which the grass is 
tightly packed, water being added in the proportion of about 
45 gallons of water to 100 lbs. of grass; the lid, a flat disc 
of iron or wood, is then fixed tightly to the mouth of the 
boiler by a luting of pulse flour, the lid being held down by 
iron clamps or weighted with large stones. In the centre of 
the lid is a round hole about inches in diameter, through 
which the bamboo tube b is admitted. This bamboo distilling- 
tube consists of two parts, an upright piece, about 1^ feet long, 
fitting into the boiler and a long piece, varying from 6 to 8 feet 
in length, fitting into the condenser c. These two parts of the 
tube are firmly fixed together at an angle of about 75° by 
the aid of a wooden peg and a tight binding of cloth and string. 
Eoth parts of the tube are tightly bound round with string 
throughout their whole length, except for about 6 inches at 
the end which is fixed into the boiler, and another 6 inches at 
t he end which is fixed into the condenser : this binding gives 
strength to th§ tube. 'Where the string binding ceases at 
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encl a shoulder of rag and string is bound 
round the tube to act as a stopper. The condenser c is a 
copper vessel with a long narrow neck about 2 feet in length 
into which the bamboo tube is fixed tight by the cloth 
stopper. The condenser is placet® in a stream of water, the 
u Pper part of the neck projecting above the water. 

When the boiler has been charged with grass and water a 
fire is lit below it, the steam generated passing along the 
tube into the condenser, where it condenses into water 
mixed with a small quantity of oil. After a period varying 
from 2 to 4 hours no more oil is obtained, and the con- 
denser is detached from the tube. To separate the oil from 
the water one method is to pour the contents of the condenser 
inlo a circular basin and stir the liquid round rapidly with a 
spoon : the oil then collects in the vortex formed in the 
centre, and can with care be skimmed off quite pure. 
Another method of separating the oil is to fill the condenser 
up to the brim with water, when the oil rises to the surface 
and can be scooped out. 

The Rusa-grass loses about 40 per cent, of its weight 
m drying : it is estimated that 100 lbs. of dry grass with°45 
gallons of water will produce on an average 12 ounces of oil. 
The oil constitutes about 1 per cent, of the distillate collected 
m the condenser. 

2. Lemon-grass Oil. 

, „ T1 f industry of distilling oil from the lemon-grass 
V Cymoopogon citratus ) is a long established one in Travancore, 
where the following method of distilling the oil is 
employed 

The grass is cut a few inches above the root-stock, and 
is then cut into lengths of about 2 feet to enable it to be 
packed easily into a copper boiler, which is about 10 feet 
high and 4 feet in diameter, and holds about 120 cubic feet 
of grass. Water is added, and the top of the boiler is closed. 
A cone noting pipe leads from the top of the boiler to a 
wooden condensing vessel, to which cold water is constant¬ 
ly supplied; after coiling several times through the cold 
water the pipe leads out and the condensed mixture of oil and 
water is discharged into a. tin vessel, the oil being after¬ 
wards skimmed off the surface of the water. The oil, after 
separation, is gently heated in order to get rid of any surplus 
water. The whole process takes 24 hours, and at each 
distillation 1-| bottles or 36 ounces of oil are produced. 
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CHAPTER IV. 

The Distillation of Camphor. 


Section I.— General. 

Camphor, like other essential oils, may be distilled 
either by steam or with the aid of water. Experiments have 
recently been made to ascertain the possibility of distilling 
Ngai camphor from JBltmiea balsamifera on a commercial 
scale, but so far these experiments tend to show that the 
camphor content of this plant is too low to admit of camphor 
extraction on a profitable scale. Apart from this, Ngai 
camphor is not a true camphor, and a further process of 
chemical oxidation has to be carried out to convert it into 
common camjihor. 

In the case of camphor yielded by the camphor tree, 
Cinnamomum Camphora , the wood, which contains 3 to 4 
per cent, of camphor and oil, is first reduced to small chips. 
Camphor is also yielded by the leaves and twigs of this tree, 
while in old trees it is, at times, found in a crystalline 
condition in cavities in the trunk. The actual distillation 
may be carried out in different ways, some of which will now 


Section II. Distillation by Primitive Methods. 

In the Chinese method of distilling camphor, chips of 
camp ioi -wood, or leaves and stems of JBlumea , as the case 
may be, are packed in a bamboo woven cylinder which is 
icn placed in a cauldron filled with water on bamboo batons 
a tew inches from the bottom. On the top of the cylinder 
rests a similar cauldron filled witli cold water, which is baled 
out. frequently and replenished in order to keep the tempera- 
uic as low as possible. The steam rising through the chips 
, ,y ood or leay es extracts the camphor and deposits it on the 
periodical! C °^ cauldron, i'rom which it is scraped off 
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Another crude method is to distil the chips of wood in 
water, the distillate passing off through straw or small twigs, 
on which the camphor sublimes, coating them with whitish 
crystals; the camphor is then scraped off and the oil is 
pressed out of it. _ 

In the Japanese method of distillation the condenser 
consists of a long wooden box with a number of parallel 
wooden partitions, the vapour from the boiler passing from 
one chamber to another through holes in alternate corners 
of each partition. The box is placed with its open side 
resting on a tank of cold water, and the camphor sublimes on 
the wooden partitions. 


Section III. —Steam Distillation. 

The condenser shown in Plate XXV, which was designed 
by Mr. Puran Singh, is reported by him to have proved satis¬ 
factory for the distillation of camphor. The distillation is 
carried out in an ordinary steam still; the steam from the 
boiler passes through the steam still containing the raw 
material and, charged with camphor and oil, enters the 
condenser by the pipe e. The condenser consists of four 
zinc cylinders, a , with similar but smaller concentric cylin¬ 
ders, b , screwed into each; these inner cylinders are closed 
at the bottom. The outer cylinders, a , are set in a copper 
tube c, which is held fast in a metallic frame, and has an 
exit tube, d, fitted to its under side, opening into a Floren¬ 
tine flask i. The steam entering the pipe 'e passes along a 
copper tube f 3 from which it enters the cylinders a by 
openings in their sides. Cold water is supplied through a 
pipe g and enters the four inner cylinders b by means of the 
pipes h , which are fitted with taps ; on filling these inn'T 
cylinders the water overflows all round the outer surfaces o 
the cylinders a through small holes bored in these cylinders 
round their top edges, into the tank h 3 whence it drains 
away through the pipe l. The steam in the spaces between 
the inner and outer cylinders deposits camphor on the sur¬ 
faces of the former, the outer surface of b being considerably 
cooler than the inner surface of a. The condensed steam, 
containing oil, flows down through the tubes c and d into the 
Florentine flask £, where the oil separates from the water. 

V 
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CHAPTER V. 

The Manufacture of Cutch and Kath. 

Section I.—General. 

There are three different substances obtained from the 
lieartwood of Acacia Catechu , and also from the less common 
A. Sima, known as (1) Cutcli , or so-called dark catechu, 
of a rusty brown or dull orange colour, a brittle texture, and 

with a shining fracture, (2) Keith or Kdtha , a grey-coloured 
crystalline substance, and (3) Keersal , a pale crystalline 
subtance occurring* as a deposit in the heartwood, and 
obtained from cavities in the wood. 

Cutch, which is an important commercial product and 
is largely exported, is used as a dyeing agent, being much 
employed for dyeing canvas a brown colour, and for dyeing 
fishing-nets, to which it acts as a preservative ; as a tanning 
material it is not satisfactory, as the leather produced is apt 
to give a yellow stain. Cutch is also extensively used in 

medicine as an astringent. Kath is used for eating with 
pan , and is sold in bazars for this purpose : it is not exported. 

Keersal is much valued as a medicine by tlie Hindus. 

Cutch and kath are both obtained by boiling down chips 
of the heartwood of Acacia Catechu. Cutch contains two 
distinct substances, a variety of tannic acid called mimotan- 
nic acid or catechu tannin, which is soluble in water, and 
catechin or catechuic acid, which is insoluble except in hot 
water : the two substances are present in about equal pro¬ 
portions. Kath consists chiefly of catechin, obtained by 
removing the tannic acid from the mixture : kath as ordin- 
arily prepared, however, consists by no means of pure cate¬ 
chin, though it may he termed a form of crude catechin. 

Section II.—Preparation op Cijtch. 

The methods of preparing cutch differ locally, but 
perhaps the most general method of manufacture is as 
follows:— 

J be heartwood, preferably that containing a quantity of 
the white deposit alluded to above as tc keersal,” is cut into 
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small chips, which are hoiled in water for about 12 hours In 
earthen pots, by which time the water is reduced by about 
one-half. The liquid is then poured off into a large iron 
cauldron and further boiled and stirred until it attains the 
consistency of syrup, after which it is poured out into 
wooden frames lined with leaves and allowed to cool, when 
it hardens into brick-like masses. In some districts the 
liquid, after boiling several hours, is poured over fresh chips 
and again boiled. It is estimated that the weight of cutch 
yielded varies from 3 to 10 per cent, of the weight of wood 
used. In Burma cutch was formerly adulterated with 
extracts of the barks of various species*of Terminalia , but 
this has been made illegal. 


Section III.— Preparation op KAth. 


The preparation of kath is similar to that of cutch in its 
first stages, but the subsequent operations vary in different 
localities. The chips are boiled and the liquid re-boiled with 
fresh chips until it becomes thick, when it is poured into 
moulds dug in fine dry sand, which absorbs much of the 
tannin in solution, the catechin crystallizing out. Another 
method is to pour the thick extract into a wooden trough 
made of Moving a or Bombay malabaricum , adding a small 
quantity of castor-oil seed : after remaining in the trough 
for about twelve hours until it has attained a jelly-like con¬ 
sistency, the extract is thrown into a hole dug in the ground, 
where it remains for about two months, after which it is 
spread on sand, cut up into small bricks, and sold. 

Kath-boilers are careful to select only trees whose heart- 
wood contains spots of white deposit; this they do by cutting 
into the lieartwood and leaving the tree for several hours, 
after which the spots, if present, become clearly visible. 
Bead trees show' the spots at once if they exist. Iron caul- 
drons are carefully avoided in the preparation of kath, as the 
iron destroys most of the catechin. 


Section IV.— Improved Methods of Manufacture. 

The local methods of manufacturing cutch and kath are 
extremely wasteful, as a large quantity of the tannin and 
catechin remain in the chips after boiling, owing to the size 
of the chips : also the kath as usually manufactured contains 

u 2 


it>&rge proportion. of sand owing to the crude method 
employed in filtering off the tannin. Experiments by 
Er. Leather have led to the following conclusions :— 

(1) The wood, instead of being chipped, should be shaved 
fine with a plane, and the shavings used for boiling, as the 
amount of extract obtained from shavings is more than three 
times that obtained from an equal weight of wood. Sawdust 
produces nearly as much extract as shavings, but it is 
difficult to separate it from the distillate after boiling. (2) 
Large quantities of water are unnecessary for boiling the 
wood, <is the water has to be evaporated, causing much waste 
of fuel; it is hardly necessary to employ more than 10 parts 
of water by weight to one part of wood. (3) It is not neces¬ 
sary, if shavings be employed, to boil for more than half an 
hour, as compared with the long period of boiling occupied 
under the ordinary methods of manufacture. 

Dr. Warth had previously recommended that the 
manufacture of tannin and catechin should be carried out 
simultaneously by producing shavings by machinery, boiling 
them in 20 times their weight of water for half an hour, and 
leaving the extract thus obtained to cool; the catechin is 
thus precipitated, and the liquid portion is got rid of in a 
filter press, the residue in the filter, as well as the liquid, 
being then evaporated in vacuum pans to hasten drying, 
the liquid yielding the tannin and the residue the catechin. 

By means of the filter press and drying in vacuum pans 
the time taken to separate the catechin is hastened. This 
is of importance, as catechin decomposes quickly if kept in 
solution, and although it is insoluble in water at ordinary 
temperatures it takes a long time to precipitate in a solution 
containing so much tannin. By means of these improve¬ 
ments in manufacture trees ordinarily rejected bv kath- 
boilers can be utilized, as cutclx and kath can both be 
obtained froin wood containing no white deposits. By 
utihzing shavings instead of chips the yield of extract 
(including tannin and catechin) obtained in the various 
Ef made has been 14| to 24 per cent., most being 
obtained from wood with white spots. With chips, from 

' E ? was Gained in similar 
fnE! 1 . The percentage of catechin to wood varied, 
n " : l es P mme ^ f / om nearly QX to 9 when obtained 
useT aE 88 ,’ “ d ,£° m ?“ der 1 to If where chips were 
nf lVo„i • H aly81S of bazar kath Save under 60 per cent, 
of catechin, the remainder consisting of tannin and sand. 
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CHAPTER VI. . 


The Preparation of Tannin Extracts. 


Section I.— General. 


Bark and wood for tanning purposes are bulky articles 
to transport to a distance, and hence certain methods have 
been devised for preparing tannin extracts from them ; these 
extracts have the advantage, not only of portability, but also 
of shortening the process of tanning to a few weeks, as 
compared with the old system of stratifying hides alternately 
with layers of ground bark, a process which took from one 
to two years, In establishing a factory for preparing tannin 
extracts proximity to the forest is a great advantage, in order 
to minimize the cost of transporting bark and wood. 

It is also necessary to have a good supply of cold water 
at say 15° to 20°C. 

Section II.-— The Process oe Manufacture. 

The main principles in the manufacture of tannin extracts 
are simple, and consist of the following steps :— 

(1) Extraction .—The wood or bark is chopped into small 
pieces, this being done on a large scale by special 
machinery. The chips are then subjected to the 
action of hot water in order to extract the tannin, 
distilled water being used. The extraction or 
“ leaching ” is carried out either at ordinary 
atmospheric pressure in a system of wooden vats, 
or under pressure in a battery of closed copper 
autoclaves; the former method is generally con¬ 
sidered more satisfactory. The “ leaching ” is 
done at different temperatures, according to the 
materials treated, but generally a temperature 
of 70° to 80° 0. is sufficient. In order to extract 
all the available tannin the materials should 
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be leached. 4 to 7 times, the richer tannin 
materials, like mangrove harks and myrabolans 
requiring longer leaching than those poor in 
tannin. 

The tan liquors are concentrated by passing them 
through a series of wooden vats filled with raw 
material till they show a specific gravity of 9 to 
11 Beame, and the concentrated liquors are next 
transferred to a large tank made of wood or 
copper, known as the “ liquor tank.” 

(2) Cooling .—After extraction, the tan liquors are cooled 

to 18°G. or slightly under; according to recent 
experience, tubular refrigerators are found to be 
the most satisfactory. 

(3) Filtration and clarification.—A good deal of clari¬ 

fication is effected during the cooling process, 
during uhich some insoluble substances are precip¬ 
itated. In order to complete the clarification the 
liquors are filtered through filter presses or decant¬ 
ing centrifugals, or may be allowed to stand in 
large decanting vats in order to deposit their 
insolubles. 

(4) Evaporation —The clarified liquors are next evap¬ 

orated in vacuum pans into solid extracts. 
Evaporation cannot be done at the ordinary at¬ 
mospheric pressure, since prolonged boiling des- 
troys tanning matter by oxidation. 

(5) Decolonisation. The chief decolorising materials em- 

p oyed are (1) sulphurous acid or bi-sulphites, (2) 
blood or albumen, (3) oxalic acid and alumina, U) 
animal charcoal, (5) haloid salts or organic acids 

(6) sulphurous acid gas under pressure, (7) alumin¬ 
ium hyposulphite, (8) barium chloride, (9) lead 
nitrate, and (10) lactic acid. All chemical pro¬ 
cesses of decolorisation, however, entail some loss 
o tannin, and some of them affect injuriously the 
quality of the extracts. Eor this reason the 
expert tanner endeavours to obtain colourless 
leather not by decolorising the tannin extract but 
cy making a judicious mixture of tanning 
materials of different colours. Thus in India the 
j>ark of babul (Acacia arabica ), which is decided- 
X the best tanning material, is never used 
<uone, as it gives leather a red colour, but is 
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mixed with myrabolans in suitable jnoportions, 
the result being a colourless leather, suitable for 
taking the most delicate shades of aniline dyes. 
In this way many different kinds of tanning 
materials may be utilized f«>r the manufacture of 
extracts of standard colour and strength. 


Section III.— Factors affecting the Quality of 
Tannin Extracts. 


There are certain factors whicli affect the quality of 
tannin extracts adversely or otherwise. The chief of these 
arc as follows:— 

(1) The quality of the raw material .—The fresher and 

sounder the bark, wood, or other raw material 
used the better is the quality of the result¬ 
ing extract. If the bark is exposed for any 
length of time to atmosjfficric oxidation through 
rain, air, or sunshine, the tannin in it becomes 
oxidised, resulting in a darker colour. It is 
therefore necessary always to secure a regular 
supply of fresh materials. For this reason it is 
most desirable that the central factory should bo 
situated close to the sources of supply, while the 
raw material, if it cannot be made use of imme¬ 
diately, should be air-dried in well ventilated 
sheds. 

(2) The quality of the icater used .—It is well known 

that mineral matters present in natural waters, 
when used for the extraction of tanning materials, 
have an injurious effect on the colour and 
percentage or tannin in the resulting extract, on 
the colour particularly when it is alkaline in 
reaction or when it has traces of iron in it. The 
loss of tannin is due to the formation of non- 
tannins and in some cases of alkaline tannates. 
This process of decomposition of tannin set in by 
the mineral matter does not cease after the 
extracts have been prepared in the solid form. 
The saline matters even after extraction go on 
accentuating still further the loss already incurred 
during preparation, whether they do so by 
actually precipitating out the tannin by their 
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2? °L hj inducin 8 its conversion into non- 
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0 iS re . essenti a that distilled water 
mould always be used in the manufacture of 
tannin extracts: the tan-liquors when tW are 
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CHAPTER VII. 

The Manufacture of Paper-pulp. 

Section I.— General. 

The chemical and mechanical operations employed in 
the art of paper making may be divided into two sections, of 
which the first is a process of tearing down, that is the pre¬ 
paration of cellulose from the raw materials, known as pulp 
making, and the second one of building up, that is the elab¬ 
oration of this cellulose into paper. When the chief raw 
materials were rags and the waste of textile factories, both 
these operations were combined in one factory, but with the 
introduction of wood-pulp it was recognised that the division 
of labour, by which the pulp maker carried out his opera¬ 
tions in or near the forests which supplied his raw material, 
while the paper maker performed his share of the manufac¬ 
ture in or near the large centred of consumption and distri¬ 
bution of paper, resulted in greater efficiency and economy. 
It is this division of the industry which has so largely 
reduced the cost of paper during the last thirty years. By 
it, the bulk of the waste, amounting to 50 to 60 per cent, 
of the raw wood, is eliminated at its source, and the subse¬ 
quent freight and handling charges to the paper factory are 
incurred on a partially manufactured material which yields 
90 to 95 per cent, of paper. Formerly, when the paper 
maker collected and handled the raw material himself, he 
had to pay these charges on about 2 tons for each ton of 
paper produced. 

Taper making proper is never likely to become, to any 
extent, a forest industry. The many hundreds of varieties 
of paper which can be made from cellulose necessitates the 
mills being placed where they are in touch with a market 
continually varying in its requirements and demands, and 
such positions are usually many hundreds, or even thousands, 
of miles from the forests and waste lands which provide the 
raw material. This branch of the subject, therefore, need not 
be further referred to in this work. Pulp making, on the 
other hand, is undoubtedly a forest industry, and one likely 
to show a large expansion in the future, especially in the 


NIINlSr^ 


<SL 

282 

tropics, where raw materials are found growing under 
conditions conducive to rapid natural reproduction, thus 
eliminating a serious difficulty which the industry is now 
reeling the effects of in its original home, viz., that of cutting 
out its supplies faster than they can grow. 

In 1909 the world’s total consumption of paper was esti¬ 
mated at 8,000,000 tons, of which 6,500,000 tons were pro¬ 
duced from wood. Its normal growth is estimated at 25 per 
cent, in ten years, so that in 1919 the total may be expected 
to amount to 10,000,000 tons, and in 1929 to 12,500,000. 

But this takes into account the normal expansion only, and 
does not include that due to the rapid creation of a reading 
and writing public brought about by the introduction of 
education into a people or community hitherto illiterate. An 
example of this is found in England in the years immediately 
following the passing of the Education Act of 1870, when 
the consumption doubled and trebled within a few years. In 
the opinion of many observers, the present sources of supply, 
namely the spruce and pine forests of Europe and North 
America, cannot provide any longer for even the normal 
increase of consumption, still 'less for any such abnormal 
exjiansion as that above referred to; moreover, there are 
already difficulties regarding the maintenance of the present 
supply, and it seems inevitable that the industry will ere 
long be forced to migrate to the tropics to sites where the 
natural reproduction of the raw material is such that a mill 
will have a perpetual supply at its own doors. On pages 
anti 207 lists are given of Indian forest products which 
liave been found suitable for pulp making. The list is by no 
means complete, as the enquiry into the subject is only in 
its infancy, and the list is continually being extended. 

. T] ! e manufacture of wood-pulp falls into two main divi¬ 
sions m accordance with the processes employed for the reduc- 
lon of the raw material. One is known as mechanical wood- 
puip, the other as chemical wood-pulp. While both are 
ti 0 *»«“tion “pulp,” only the latter can be 
regained as pure cellulose, the former being merely a loose 
i nous mass produced by the attrition of a revolving grind- 
stone upon billets of wood pressed against it. Mechanical 
? 1 ^ | KTC iore contains all the elements of the wood, ligneous 
iripTfA i d \ collular ’ the latter being still incrusted and per- 
,} r tae former; it therefore possesses little or no 
ieiung power, that is, the property 0 f "spin” or “grip” 
winch enables pure cellulose fibres floating freely in water to 
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seize hold of their neighbours and to interweave and interlace 
themselves with them into the felted fabric we know as paper. 
Hence it is of inferior value, and cannot of itself make a use¬ 
ful paper; it is, however, less costly to manufacture than 
chemical pulp, and for this reason alone it finds a large use 
in the composition of cheap newspaper and similar qualities 
which are not intended to be preserved, after printing, for 
any length of time. A fair newspaper quality can he made 
with mechanical pulp mixed with chemical pulp, in the pro¬ 
portion of about 3 to 1. 

Chemical pulp, on the other hand, is a nearly pure cellu¬ 
lose from which all the incrusting ligneous matter has been 
removed by the action of chemical solvents. Compared with 
mechanical pulp, which is harsh and brittle, it is soft, pliable 
and silky; the individual fibres are capable of floating inde¬ 
pendently of each other in water, and when floated in a thin 
stream on to the wire cloth of a paper machine and subjected 
to a slight but rapid transverse shaking action, they interweave 
with each other in the manner already referred to. 


Section II.— Mechanical Wood-Pulp. 

The wood most in favour for this branch of the industry 
is spruce, mainly because (1) it is white, (2) it is soft, 
and (3) its fibres (tracheids) are longer than in most of the 
conifers. With a process of manufacture which, compared 
with the chemical method, must necessarily produce a harsh 
pulp, depending for any strength it may have upon the 
length of its fibres rather than on their felting power, and 
which has no means of improving on the natural colour, it 
will be evident that the advantages of sjrruce over a shorter- 
fibred, harder and darker-coloured wood are very considerable. 
The logs when received at the mill are first cut into lengths 
of li to 3 feet and the bark is carefully removed by hand or 
machine. Knots are also bored out, and if the diameter of 
the pieces is too great for the “ pockets ” they are split into 
suitable sized billets. These are then placed in the pockets of 
the grinders, which are receptacles constructed in the iron 
casing of the grinder for the purpose of holding them in posi¬ 
tion with one end in contact with the grinding surface. To 
the other end of the billet hydraulic pressure is applied, so 
that the billet is pressed and pushed strongly against the 
stone. The stones vary in size from 48 to 60 inches in dia- 
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and from 18 to 27 in breadth, and revolve at a speed 
of 150 to 180 revolutions per minute. Each stone has 
foom three to five pockets arranged around its periphery. 
The action produced by the contact between stones and wood 
is a tearing rather than a grinding one. The fibres, or rather 
fibrous bundles, as they are torn off, are instantly swept 
away by a stream of water which plays on the grinding 
surface and which also serves to convey the pulp to the 
sorting screens, which allow the finer particles to pass but 
retain all the coarser ones. The latter are afterwards reduced 
to a sufficiently fine condition by treatment in a “ refiner,” 
consisting of two stones arranged exactly as are those of a 
wheat or rice grinding mill. The coarse pulp is fed into 
these at the opening in the centre of the upper one, is ground 
between them as they revolve on each other, and finally 
passes out between them at the periphery. The pulp is then 
passed on to the water extracting machine, which consists 
essentially of a drum covered with wire cloth and revolving 
in a vat to which the stream of pulp is fed, in which it is 
immersed to § or f of its diameter. The water passes through 
the wire cloth to the interior of the drum and escapes at one 
end, leaving on the wire cloth surface a thin film of pulp 
which is licked off by an endless blanket or felt pressed by 
revolving rollers on the upper or dry portion of the drum. 
The thin sheet of wet pulp is thus transferred to the felt by 
which it is carried through squeezing-rolls, from which it is 
finally transferred to hydraulic presses. Erorn these it comes 
out in thick sheets containing about equal weights of pulp 
and water, and in this condition it is exported to the paper 
mills, although in some cases it is reduced to a dry state by 
hanging the sheets in steam heated rooms. 


It will be readily understood that a process such as that 
outlined above must consume a large amount of power. As 
a matter of fact it does do so more, jirobably, in relation to 
its output than in the case of any other manufacture. A mill 
producing 4 tons air-dry pulp per 24 hours requires an effec¬ 
tive power of not less than 300 H. P. It follows therefore 
that water power is an absolute necessity for economical 
working. In India the raw materials most suitable are the 
mountain conifers, and especially the Himalayan spruce, 
l which has both a good colour and great 

length of fibre, the latter exceeding that of any of its allied 
species in Europe or America. Where supplies of it can be 
found m the neighbourhood of rivers which can be utilized 


MINlSr*,, 


285 




not only for power but to float the logs clown from forest to 
mill, there would appear to be good opportunities for the 
introduction of this branch of the wood-pulp industry. 


Section III.— Chemical Wood-Pulp. 


1. General. 

The essential difference between chemical and mechanical 
pulp is that practically the whole of the pectous and ligneous 
matter permeating and incrusting the fibrous matter of the 
cells is removed by chemical solvents, the resultant product 
containing 94i to 97 % of pure cellulose. The jwocesses 
adopted are three in number, the Sulphite , the Soda and the 
Sulphate. These all produce satisfactory pulps, and at nearly 
equal cost, the choice of process to be adopted depending 
mainly on the kind of wood to be dealt with, the facilities 
for obtaining the different chemicals required, and the 
quality of paper for which the pulp is intended. The sul¬ 
phite process does not eliminate resin, and therefore pro¬ 
duces a rather harsh pulp of a pale straw colour, which is 
difficult to bleach to a pure white. It is therefore used 
mainly for newspaj^er, for which its natural unbleached 
colour is good enough, and, because of the colour and resin 
difficulty, spruce wood, which lias a good colour and little 
resin, is generally used. Both the soda and sulphate pro¬ 
cesses get rid of the resin, and therefore produce softer and 
more pliable pulps, and they also deal more successfully with 
woods whose natural colour is darker than spruce. With 
both, the unbleached colour is much darker than that by 
sulphite and is, in fact, more or less brown, but this brown 
shade is more easily bleached to a pure white than the pale 
yellow of unbleached sulphite pulp. Hence these pulps are 
largely used for high class printing and writing papers, on 
account of colour and softness. Of the two the sulphate is 
the softer and more easily bleachable. 

With all these methods the preliminary operations of 
barking and reducing to small chips is the same, the only 
difference being that resinous knots must be bored out for 
the sulphite process, though they may be left in for the other 
two. 

2. The Sulphite Process. 

The digesting liquor is bi-sulphite of lime or magnesia or 
a mixture of both, prepared by burning sulphur in a retort 
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■om which the resultant sulphur dioxide gas is led off and 
allowed to pass upwards through towers filled with lumps of 
limestone, either calcium limestone or the variety known as 
dolomite, which also contains magnesia. Bi-sulphite of 
lime or magnesia is thus formed on the surfaces of the 
lumps; this is washed off continuously and brought into 
solution by a thin stream of water flowing downwards and 
trickling over the lumps. This solution is the digesting 
liquor, and contains both bi-sulphite and free sulphur 
dioxide. An alternative method of producing it is to suck 
the gas through a series of tanks filled wfith milk of lime 
formed by dissolving burnt limestone (quicklime) in water. 

The wood chips are filled into steel or iron digesters 
capable of holding from 5 to 20 tons. Liquor is then 
poured in until the charge of chips is covered, the digester is 
closed steam tight, and steam is turned in until a pressure 
of from 20 to 60 lbs., corresponding to temperatures of from 
126 C to 150 0, is reached ; this pressure is maintained until 
the solution of the incrusting matter is complete. The 
digested material is then discharged from the digester, 
drained and washed until free from all traces of the liquor 
and its soluble contents, run through screens or strainers 
to take out chips which have escaped complete digestion, and 
finally run over a machine which extracts the water, dries 
the pulp, and delivers it as thick dry sheets. 

A 8 tho digesting liquor has a strongly corrosive effect 
on lion, it is necessary for the digesters to be lined with 
lead or with^ non-corrosive cement or tiles. This, and the 
Irequent repairs of these linings, forms no small part of the 

w d f « i0 v’ aild to 80me extent counterbalances the 
lower cost of the liquor as compared with soda or sulphate 
liquors. It should also be observed that the manufacture 

ol a good liquor depends on the absorption by water of an 
extremely volatile gas, and the difficulties of obtaining it 
are largely increased by any rise in the temperature of both 
air and water over those normal to a cold or temperate 
climate For this reason it is considered doubtful whether 
tne sulphite process can be a success in the tropics. 


3. The Soda Process. 

^hl> both this and the sulphate method all the preliminary 
opeiatious and the final one of turning the pulp into dry 
sneets are similar to those described under the sulphite 
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process. Tlie chief difference is in the digesting liquor, 
which in this case consists of caustic soda. As this has no 
corrosive effect on iron it is not necessary to protect the 
interior of the digesters. The temjrerature and the pressure 
are usually carried higher than in the case of sulphite (to 
180° G and 130 lbs.). An important feature of this method 
is the recovery and re-employment of soda from the waste 
liquor. This is effected by evaporation to a thick syrupy 
mass which is finally calcined, the ligneous matter extracted 
from the wood being burnt off; the residue is carbonate of 
soda. This is then regenerated into caustic soda by being 
boiled in solution with quicklime, the liquor thus obtained 
being the digesting liquor. A certain loss, amounting to 
from 10 to 20 per cent., occurs; this is made up by the 
addition, when causticising, of fresh carbonate of soda. The 
cost of digesting is thus largely reduced. 


4. The Sulphate Process. 

The only difference between this and the soda process is 
that the loss on recovery of soda is made good with sulphate 
of soda instead of carbonate. During the calcining process 
this is reduced to sulphide of soda, and the final liquor after 
causticising with lime is mainly a mixture of caustic and 
sulphide. Sulphide of soda lias a strongly solvent effect 
upon organic colouring matter, and the chief difference 
between sulphate and soda pulp is that the former is lighter 
in colour and more easily bleacliable. The process is also 
slightly cheaper, as sulphate of soda is less costly than 
carbonate. The drawback of the prodess is the strong odour 
of sulphuretted hydrogen given off, which is sufficient to 
constitute a nuisance in thickly populated districts. 
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CHAPTER VIII. 

The Antiseptic Treatment of Wood. 

Section I.— General. 

t When durable woods are not available in sufficient quantity 
it is necessary to employ less durable woods, which, however, 
can be treated by one of several processes in order to render 
them more durable. 

Such antiseptic treatment of wood is perhaps of more 
importance in the case of railway sleepers than for any 
other class of timber, but it can be applied to piles, bridge 
and house timbers, telegrajih-poles, and any other class of 
timber where durability is specially required. If suitable 
and sufficiently chea]) methods of rendering timber more 
durable were introduced into India on an extensive scale, the 
results would be of great benefit, as large quantities of wood 
at present considered unsuitable for railway sleepers could be 
made durable enough to serve their purpose as such. 

The methods of rendering wood more durable may be 
broadly divided into two totally different classes: (1) by 
injecting an antiseptic solution into the timber after removing 
the sap, (2) by retaining the sap and converting its component 
materials, through heat, into antiseptic substances, without 
the addition of any foreign substance; this process is known 
as Haskin’s process. 


Section II.— Antiseptic Treatment by 
Impregnation. 

1. Substances Employed. 

A number of different substances have been tried from 
mie to time, but those which have been most generally 
employed are the following* 

(1) S ulph ate of copper .—Impregnation with this substance 
is Known as the Boucherie process, having been first employed 
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large scale in France by Boucherie. The chief advantage 
oi tins method is its cheapness. The wood is rendered harder 
. 10u Sk more brittle and weaker. The sulphate of copper 
is apt to become easily washed out of wood exjiosed to rain 
or other water, while it acts on any iron holts or fastenings 
with which the timber is brought in contact unless the iron 
is galvanized. On account of these drawbacks the sulphate 
forme ? er * n ^ eo ^ on is not so ^ ar b e ty emjiloyed now as it was 

• ^o n ^ nati0n with sul P liafce copper was tried in Madras 
sleepers of 44 different kinds of local woods 
having been experimented with: the engineers, however, 
leported that the strength and durability of sleepers was 
lessened rather than increased by the process, which was 
ereupon discontinued. In 1566 some deodar and Finns 
LongifoUa sleepers were impregnated in the Punjab, but the 
results have not been recorded, though the sleepers were 
reported to be good four years later, a natural result, in 
the case ol deodar at least, whether they were impregnated 

(2) Chloride of zinc. —Injection with this salt is known 
as burnettising, the process having been patented by Sir 
V * Burnctt 111 1838. Chloride of zinc is a very cheap sub¬ 
stance, and does not corrode iron, but, like sulphate of Conner, ' 
it is apt to be washed out of the wood treated with it : to 
prevent this glue may he added to the solution which is 
forced into the timber, a solution of tannin being afterwards 
injected, so that the glue is converted into a leathery sub¬ 
stance which fills the pores of the wood and prevents the 
zinc chloride from washing out. Chloride of zinc in con- 
3unction with sodium fluoride is said to give good results. 

Impregnation of sleepers with chloride of zinc was carried 
out at Kotri in Sind in 1864-65 and again at Pliillour in 

1868 ‘ 69 ' “ " e,ch c “ ™ 

(3) Chloride of mercury (corrosive sublimate) is a most 
eliective substance for rendering wood proof against insects 

in IRQ?!* ItS ^ SG f 13 antise ptic for timber was patented 
1-u- by an Englishman named Kyan, and hence the 
process is known as kvanising. It is a useful method in dry 
situations, but useless in salt water. It has several dis¬ 
advantages, the chief of which are its high cost and the 
violently poisonous nature of the substance used. Besides 
tuese disadvantages, corrosive sublimate affects iron. 
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log to make tlie junction tighter and form a cavity 
between them. An oblique hole is then bored with an auger 
into the side of the log two or three inches from the thick 
end and leading into this cavity, and the nozzle of the pipe 
is inserted tightly into the auger-hole. The liquid is then 
turned on: at first only sap flows from the other end of the 
log, but gradually the impregnating liquid begins to come 
out, and when the outflowing liquid is sufficiently strong 
the process is complete. Usually several logs are placed in 
a row and injected simultaneously, each from a small branch 
pipe connected with the main pipe which leads from the 
raised tank. Sometimes a shallow metal plate, with sharp 
sides which can be driven into the end of the log, is used 
instead of a wooden hoard. 


Another method of introducing the liquid is to saw the 
log almost through in the centre, which is then raised to open 
the cut.. A ring of rope is placed in the cut, and the centre of 
the log is again lowered to its original position, when a chamber 
is formed in the middle of the log, into which the pipe is intro¬ 
duced through an auger-hole as before. By this method the 
liquid spreads outwards towards both ends of the log, and the 
impregnation is more rapidly accomplished than by the 
preceding method. 

The hydrostatic method is suitable for injecting sulphate 
of copper and chloride of zinc. Its chief advantage is its 
simplicity and the cheapness of the apparatus required ; on the 
other hand, as the wood requires to be injected in the round 
a large proportion of the impregnated wood is wasted in 
conversion and much of the antiseptic substance is thus lost 
Another drawback is the difficulty of transporting timber 
with the bark intact, and the impossibility of converting 
timber in the forest if this method of impregnation is to be 
adopted. 


(2) Pneumatic Injection. 

Pneumatic injection involves the use of pneumatic force 
to drive the antiseptic solution into, and in some cases the use 

of suction to withdraw sap and air from, the timber to be 
operated on. There are various methods of carrying out the 
pneumatic injection of timber, the main advantage of which 
is that impregnation is very complete : on the other hand the 
necessary plant is as a rule expensive, so that the cost of the 
work is comparatively high. There are various processes of 
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(1) Creosoting .—For injection by this method the wood 
is first fully converted, and then tightly stacked on trucks 
wheeled into large horizontal iron cylinders, which 
are then tightly closed. The wood is first steamed for an 
hour at a temperature of 112J° C., after which an air-pump 
is applied which sucks the air and moisture out of the wood 
by the creation of a vacuum. Creosote is then pumped 
in until the cylinder is full, and in order to force liquid into 
the wood a pressure of about 6 atmospheres is maintained for 
an hour, more or less, at the end of which time the liquid is 
withdrawn and the impregnated wood is removed from the 
cylinder. Sometimes the steaming process is dispensed with, 
the wood being dried instead. 

The creosoting of sleepers and other converted timber 
is largely carried out in Europe. The plant required is 
expensive, but the method gives very satisfactory results, 
there being no waste of impregnated wood. To give the best 
results the wood should be thoroughly seasoned before 
creosoting. 

(2) Bur net Using.'— As mentioned above, the salt 
employed for this process is chloride of zinc. The timber is 
subjected to a partial vacuum, and then immersed in a 1 to 

2 per cent, solution of the salt. The advantages and dis- ' 
advantages of chloride of zinc as an antiseptic have been 
montioned on page 289. 

(3) Gardnerising.— The wood is first steamed, dried, and 
again steamed with a chemical, the composition of which is a 
secret, in order to season it artificially. A strong solution of 
borax is then forced in pneumatically, and finally the wood 
is immersed either in chloride of mercury or creosote. 
During the process the timber is rendered non-inflammable 
by a method which is not revealed. The inventor claims 
that the value of the system lies in lh<? chemical seasoning : 
it is more than probable, however, that the chloride of 
mercury or creosote, as the case may be, is the, main factor 
in preserving the timber treated by lids method. Dittlc is 
known regarding the results attained by this process, which 
does not appear to have received any reliable trial in India. 

(4) Tfisters method. This is a method based on Bou- 
cherie’s system of introducing antiseptic solutions into tim¬ 
ber, but in this case the liquid is forced in by means of a 
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portable force-pump at a pressure up to 20 atmospheres. 
The pump can be transported to the forest, so that the wood 
may be injected before removal. By this process injectiou is 
more quickly carried out than by Boucherie’s process, while 
it is immaterial whether the logs have bark on or not. 

(5) The Riiping process — This is a new process, the 
theory of which is that only sufficient antiseptic solution 
should be forced in to impregnate the cell-walls of the wood 
tissue, and not permeate the cell-cavities ; in this way consi¬ 
derably less solution is required than under other' pneumatic 
methods, the cost being thereby reduced. In the Buping 
process the wood is placed in a cylinder, and instead of. a 
vacuum being first created in order to remove air and mois¬ 
ture, as in the usual creosoting process, the timber is 
subjected to a pressure of 5 atmospheres, air being thus 
forced into, instead of withdrawn from, the cellular spaces. 
The antiseptic solution is then forced into the cylinder at a 
slightly higher pressure, and y when it is full the pressure is 
increased to about 15 atmospheres in order to force the solu¬ 
tion into the timber. Any surplus liquid is forced out of 
the timber, when the external pressure is removed, by the 
internal pressure of the air in the cell-cavities, only the cell- 
walls remaining impregnated with the antiseptic. 

Any of the usual antiseptic solutions can be used in this 
method, and it is claimed that the quantity of solution 
absorbed is less than \ to slightly over of that absorbed 
under the ordinary creosoting method, the cellular tissue of 
the wood being at the same time completely impreg¬ 
nated. 

This process has not yet been in operation long enough to 
admit of a definite decision regarding its merits. If it turns 
out otherwise as satisfactory as the old creosoting method, it 
should possess a great advantage over it in the way of 
cheapness. 

(3) The Open Tank Method. 


This method consists in immersing the wood in an open 
tank containing a hot antiseptic solution, in some cases 
leaving it in thfe solution till the latter cools down ; or the 
wood may be heated in a hot bath and then quickly trans¬ 
ferror! to a tank containing a cold solution of the antiseptic. 
The theory on which the "process is based is that the heating 
of the wood produces a vacuum within it, the heated air in¬ 
side it being expelled, and on subsequent cooling the vacuum 
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sucks in the antiseptic solution, capillarity no doubt assisting 
in the process of absorption. The apparatus used consists of 
a tank either placed over a fire or fitted with coils of hot 
•pipes for heating the solution. 

The actual details of the process vary greatly, both as 
regards the temperature and strength of the antiseptic solu¬ 
tion, and the length of time the wood has to be immersed-. 
Hard close-grained woods require much longer immersion 
than softer and more porous woods, while wood which is to be 
subjected to a severe test as regards the conditions under 
which it is to be employed (for example in the case of rail¬ 
way sleepers, fence-posts, etc.) requires more thorough treat¬ 
ment than wood which is not to be so severely tested. 

Generally the directions for use, which are supplied with 
the various antiseptic solutions on the market, are not reliable 
in the case of many of our Indian woods, which are com¬ 
paratively hard and close-grained, since these directions 
are usually compiled after trial with the softer woods of 
Europe. Hence impregnation on an experimental scale 
should always be carried out with the woods which it is 
desired to treat on a large scale, before any extensive opera¬ 
tions are undertaken, in order to determine the correct 
strength and temperature of the solution, and the period of 
immersion necessary to produce the desired result. 

The great advantages of the open tank method, as com¬ 
pared with the pneumatic method, are that it does not ordi¬ 
narily involve the use of expensive plant, and is therefore 
cheaper, while it can be employed in the neighbourhood of 
the forest, the apparatus being moved about from place to 
place as desired. Further, in the case of fence-posts, tele¬ 
graph-poles, etc., it is possible to confine the impregnation to 
that portion of the pole which will be pierced in or near the 
ground, thus still fur (her reducing the cost of treatment. 
On the other hand impregnation by the open tank method 
is not so thorough as in the case of the pneumatic methods, 
and it remains to be seen whether or not the results will be 
equally satisfactory in India. 

The open tank method is suitable for the various patent 
preservatives mentioned on pages 290 and 291. The employ¬ 
ment of these is at present only in an experimental stage, but 
there should be a great future before any of the solutions 
which will stand the somewhat severe conditions to which 
timber is frequently subjected in India, and which are at the 
same time not too costly. 
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g the earliest examples of the open tank method is 
the process known as Tcyanising , referred to on page 289 
in which a weak solution (1 in 100 to 1 in 150) of chloride 
of mercury (corrosive sublimate) is used, the wood being 
immersed for 8 to 15 days in the liquid. A wooden tank is 
generally employed, since chloride of mercury corrodes iron. 
The highly poisonous nature of the chemical used, and its 
comparatively high cost, preclude the general adoption of the 
system in India. 

Powell's process .—As mentioned on page 290, the preser¬ 
vative employed in this process is a saccharine solution with a 
small percentage of arsenic, and possibly other substances. The 
process is a form of open tank method, but differs from the 
usual open tank processes in requiring a somewhat elaborate 
plant, since it involves an artificial drying process whereby the 
wood is thoroughly seasoned as well as rendered more durable. 

The timber to be treated is run into a tank through a 
door at its end on trucks running on a system of tram lines. 
When the tank is filled with timber the entrance door is 
closed, and the saccharine soliition is run in cold until the 
wood is completely immersed. The solution is then gradually 
heated to boiling-point by a system of pipes, and kept at 
that temperature for a few hours, the time depending on the 
nature of the wood and the dimensions of the pieces. The 
solution, after being allowed to cool, is run off, and the wood 
is removed to drying chambers and subjected to a process of 
artificial drying. 

Powell’s process is reported to have given great satisfac¬ 
tion in Australia and elsowhere: it has been tried to some 
extent in India, so far with favourable results, though 
further trials extending over a period of years will be 
necessary before any definite decision as to its merits under 
Indian conditions will be possible. Powellising is a more 
expensive process than the ordinary open tank methods, but 
it has the great advantage that green wood may be used, 
and becomes thoroughly seasoned during the drying process. 

(4) The Beush Method. 

This consists in applying the antiseptic solution to the 
surface of the wood with a wire brush, the solution being 
generally heated and two or three coats of solution being 
applied. Various antiseptics may be employed under this 
method, such as Avenarius carbolineum (heated to 65°—• 
94°C.), Jodelite (heated to 82°— 94°C.), Solignum (cold or 
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heated to 160°—180°E.), Microsoft, Cresoyle , and other sub¬ 
stances. The impregnation by this method is not so complete 
as in the open tank method. 


Section III.— Haskin’s Process. 

It is well known that if wood he charred in a fire the 
portions rendered more durable by the process are not only 
the layers in actual contact with the fire, hut also those 
immediately inside the blackened exterior, that is, as far as 
the heat of the fire has much effect. The reason why these 
tissues become more durable is that the albuminous and other 
substances of the sap become chemically changed by the 
heat, and converted into antiseptic substances which resist 
the attacks of insects and fungi. Acting on the knowledge 
which this fact affords, Colonel Haskin, an American, has 
devised a method of heating wood to such a temperature that 
its sa23 is converted into antiseptic substances: this process is 
known as the liaskinising or vulcanising of wood. The 
actual process of liaskinising is simple, consisting as it does 
of placing the wood in a strong closed iron cylinder, into 
which is driven dry superheated air at a temperature between 
200° and 400°E. and under a pressure of about 13^ atmo¬ 
spheres (200 lbs. per square inch). The air requires to be kept 
circulating in order to maintain it in a dry condition ; hence 
the moist air generated within the cylinder is carried off, 
fresh dry air being pumped in. The pressure is necessary 
to prevent the disintegration of the wood which would take 
place otherwise: for the same reason care has to be taken 
not to maintain too high a temperature. The time during 
which the wood is kept in the heating cylinders dejiends on 
its dimensions; for sleepers it is about 8 hours. 

Timber treated by the liaskinising process is claimed to 
be more durable as well as stronger than wood not so treated. 
The cost is small if regular supplies of wood are available for 
treatment, while it has the great advantage over other 
processes that the hardest woods can he successfully dealt 
with. On the other hand, the process is suitable only for 
green timber, but as the timber may be converted this is 
not a serious drawback. Such trials as have been made in 
India with wood treated by this system have not given very 
satisfactory results, but as the trials have not been 
sufficiently exhaustive, it would be premature to condemn 
the system on present evidence. 

0 
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CHAPTER IX. 


The Pressing and Baling of Hay. 

Section I. —General. 

The pressing and baling of hay is of great importance for 
purposes of storage and transport, and during famine opera¬ 
tions; where hay has to be transported rapidly to considerable 
distances from the places of collection, pressing operations on 
a large scale form an important part of a Torest Officer’s work. 
Ordinarily bay, if properly stacked, improves by keeping, at 
any rate for one or two years. So far as is known, impressed 
hay commences to deteriorate in the third year, whereas, 
according to 'Dr. Voelcker, hay if properly pressed keeps good 
for many years : the importance of this fact is very great, should 
Government ever decide to maintain stocks of hay for use in 
years of scarcity. It may be added that pressing decreases the 
inflammability of hay. It is obviously useless, however, to go 
to the expense of pressing and baling hay if it is within easy 
reach of the place of consumption, if it is to be used within a* 
year or two of cutting, and if there is ample storage space. On 
the other hand the cost of stacking bales of hay is estimated 
to be only \ to \ of the cost of stacking tiie same weight of 
loose hay, so that the cost of pressing is to some extent 
compensated for. 

Hay-making has been described briefly on page 159. If 
possible only the better kinds of fodder grass should be utilized, 
and this point should be borne in mind in selecting grass-cut¬ 
ting areas. So far as our present knowledge goes, different 
grasses appear to have different keeping powers, and hence each 
bale should contain as far as possible only one species of grass. 
It is essential that the grass should be properly dried, other¬ 
wise it will ferment in the bales, but it should not be exposed 
to the sun unnecessarily long. The requisite degree of dryness 
can be tested by burning small wisps of grass, when a residue 
of anything but ash indicates that further drying is necessary. 
Baling should be done as soon as possible after the hay is 
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made, and certainly within six months, as the hay, becomes 
brittle if kept long. 

The size and weight of the hales must depend on require¬ 
ments. The various methods of pressing are noted below, but 
it may be mentioned here that they can be jiressed into con¬ 
siderably smaller bulk by machinery than in hand presses. 
It is of great importance dliat the bales should fit exactly into 
the vehicle in which they are to be transported, without loss 
of space : this applies not only to railway trucks but also to 
carts. The weight of the bale is also an importrant consider¬ 
ation : in forest operations it is generally found that bales of 
over 180 lbs. are somewhat heavy to handle. For mule tran¬ 
sport 80-lb. mechanically pressed bales are most suitable. 
The weight of a bale varies much according to the species of 
grass : towards the end of the season also, when the grass 
dries up, it loses weight. 

The bales are usually bound with four or five ties, made 
of wire, cane or rope. On the whole wire makes the most 
satisfactory though perhaps not the cheapest ties. The tighter 
the bales the stronger are the ties required: in tight bales, liow- 
ever, the ties are less liable to come undone than in loose bales. 
The fastenings of the ties should be as simple as possible. 
To save expense arrangements should be made for ties to be 
returned when done with, or they should be disposed of to 
purchasers of hay at a reasonable price. 

There are many different kinds of presses on the market, 
which can be classified under one or other of three main types, 
according as they are operated by (1) mechanical power , (2) 

.animal power , and (3) hand power. As might be supposed, 
the question of the best type of press to employ must depend 
very largely on the conditions of each particular case, and 
some remarks on the suitability of the various types of presses 
under different conditions are therefore necessary. 


Section II.— Presses Operated by Mechanical 
Power. 

Under this head are included presses operated by steam, 
hydraulic presses, and those worked by water-power or electric¬ 
ity. So far as is known, water-power has not yet been em¬ 
ployed for pressing hay in India, while for hay-pressing in or 
near the forest electric power is at present out of the question. 
Mechanical presses, of whatever type, vary largely in price 


rnisr^ 



§00 


<SL 


iSS ? co , mplete witb engine, will 


presses witl7nnV:r ,m ue enectecl IJ y irking several 
fffiwi These , P resses ai ' e not as a rale suit- 

reauires ^1 illnrl | lt ' 0 ^' t ^ e " wa 7 places, as their manipulation 
t “ lfel labour, repairs would be difficult to effect, and 
the cost of transport and erection would ho heavy : they are 
also unsuitable for localities where fuel and watei are not 

Mcc ? lanical presses, however, are eminent¬ 
ly suited for use on a railway if there is a large demand from 

so twtf f ° r + a ?’. and lf tbe grass areas are within easy reach 

hiWtive^ 6 C ° St ° tranSp ° rt of grass t0 the press is not pro- 

. , S m ce mechanical presses can press a given quantity of hav 
into much smaller bulk than hand-presses, they have immense 
advantages in the case of transport to a distance • othemW? 
ages _ are decreased mflammability, reduction in thfspace 

thHali aid TtTh S f eate l T C 7 rI ‘ y agaiBst tbc loosening of 
tlit bales, and, it is believed, better preservation of the hav 

Again, larger quantities of hay can be dealt with by mechan¬ 
ical presses, than by band-presses, and much less manual 
labour is required for a given outturn : this faanhnporS 
consideration if large quantities are required in a short space 
carting' ^ & avaiIable labour is required for cutting^ud 

Steam-pressed bales are estimated to cost roughly 1 anna 
per maund more than hand-pressed bales, but even a]lowin' 

fvl- m tbe case of lon S railway journeys the saving in 
fre^ht aione is very considerable, since railway companies 
as a rule, charge within certain limits, by the tiuck-load aml 
not by weight. Thus it is estimated that an ordinary broad- 
gauge tnick will take at most 70 maunds of hand-pressed hay 
as against amimmumof 225 mauuds of steam-pressed l.a/ 
that is, the freight on hand-pressed bales is at least throe 
times that on steam-pressed bales. In large grass operations 

with'frfihyl consideration, for, to take an example, 

with height at 2 annas per track per mile the saving 1 in 
height alone for conveying 10,000 tons a distance of 200 
miles would be 3x62,222 ; after deducting E] 7,500 the 
difference m cost of pressing at 1 anna per maund the net 

frei"bts'th Ul<l ^ Ri4 ’ 722 1 With longer journeys and higher 
treigl.it, ibe saving would be considerably greater 

froin 25Tn an n Steam pl ' e8SCS 7. iU turu out bales weighing 
iiom 2o to 30 lbs. or over per cubic foot, whereas bales pro- 
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diiced by hand-presses rarely weigh more than 8 lbs. per 
cubic foot. Trials carried out with Jessop’s hydraulic press 
showed that two presses worked by one engine could turn out 
973 bales weighing 79 to 80 lbs. each, that is, 25 lbs. per 
cubic foot, in 20 hours. In the grass operations of Indore 
State during 1911-12, Howard’s Patent Perpetual Lion Press 
is reported to have proved most satisfactory. This press is 
capable of turning out bales of various sizes, from 40 lbs. 
upwards. One 10" cylinder portable S-H. P. engine bv 
Marshall and Sons, costing R3,500, was employed to work 
three of the presses. The cost of each press, including 
freight and other charges, came to R2,700. 

A steam press which is now on the market, and whicli 
from its description would seem to he a suitable form of 
press for forest work in India, is Chandler’s patent steam 
press. * This press, which is composed entirely of iron and 
steel, has been specially designed for use in India, and is free 
from most of the complicated gear which is a feature of 
many types of steam press. The pressure is exerted horizon¬ 
tally by means of a patent worm gear, and a density of 
25 lbs. per cubic toot is obtained with hay of suitable quality. 
Besides simplicity of construction this press has two great 
ad\ antages, first that it is mounted on a travelling carriage 
and can therefore he transported readily from placebo place, 
and second that it is specially designed for pressing the 80 
lb. bales required by the Military authorities, though it can 
also produce bales of all sizes up to 200 lbs. in weight. One 
12 H. P. engine can work two to four Chandler’s presses 
and it is claimed that each press can turn out 200 maunds "a 
day, at a maximum cost, inclusive of everything, of 2 annas 
per 80 lb. bale. 


Section III.— Presses Operated by Animal Power. 

Presses operated by animal power have apparently not 
been much used in India so far, but are now under trial in 
the Madras Presidency. These presses are much less cum¬ 
bersome than steam presses; and are comparatively inexpens- 
ive mmg Rl,r>00 or less. They produce bales weighing 
15 to 20 lbs. per cubic foot. Particulars of outturn and cost 
are not available. Old cotton presses, converted for pressing 

* Obtainable from Meaara. Macbeth Bm, & Co. , Bombay. 
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by animal power, have been used in the Bombay 
1 residency, but these have not been found very satisfactory, 
as they work slowly, giving a smaller outturn than hand- 
pi esses, while the bales are too bulky and heavy to handle 
with convenience. There would appear to be scope for 
development in the designing and working of animal power 
presses suitable for Indian conditions. 


Section IV.— Hand Presses. 

Por forest operations in India hand presses have hitherto 
played a far more important part than steam presses or 
animal power presses, for in spite of the many advantages of 
steam presses, under certain conditions hand presses possess 
some great advantages. Generally speaking, it may be said 
that where the distance to which the bales have to be trans¬ 
ported is not great, where labour is plentiful and cheap and 
where the hay has to be stored for not more than 3 years 
hand pressing is more, economical than steam pressing! 
Hand presses are especially suited for use in distant and 
scattered forests,, where the erection and working of steam 
presses would be impracticable ; their use is also indicated in 
places where there are no centres on or near a railway or 
other main line of communication to which quantities of hay 
can be brought for pressing on a large scale. Thus hand 
presses must always play an important part in pressing 
operations in the forest. & 

Hand presses are of various different types, some vertical 
and some horizontal; they may be worked by means of 
levers, chains, cog-wheels, screws, winches or pulleys or 
combinations of these, while there are also hand presses on 
the hydraulic principle. Hand presses are considerably 
cheaper than other forms of presses, costing ordinarily from 
HiOO to H500 each. It is essential that they should be 
simple in design, portable, and strong : the constant break¬ 
down of presses, so common a feature of famine operations, 
requires to he guarded against by the selection of a suitable 
type of press. 

1 he outturn of hand presses varies greatly. Some of the 
o ucr types of presses produce on an average from 3 to 6 
hales ot 150 lbs. each per hour at a cost (including labour for 
pressing and wire ties oply) of about 1| to 2 annas a bale. 
, ou tturn, however, is considerably exceeded by improved 
iorms oi presses, such as the Irani press described below, 



1. THE IRANI PRESS. 



Photo.-Meohl. Dept., Thomason College, Roorkee. 

2. A SIMPLE HORIZONTAL BOX PRESS. 
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which turns out S'to 10 hales of 180 lbs. each per hour. The 
density of pressing is ordinarily 5 to S lbs.;or in rare cases 9 
or 10 lbs. per cubic foot. Generally speaking hand pressing 
reduces the bulk of hay to about ^ the bulk of loose hay. 
In the famine operations of 1907 in Kkcri Division, United 
Provinces, a daily average outturn of 15 bales of 1G0 lbs. 
each per press was obtained with box type presses, worked 
with levers and pulleys, purchased from Messrs. Geo. Gahagan 
& Co., Bombay, at a cost of R450. 

A detailed description of all the different forms of hand 
presses on the market is beyond the scope of this book, and a 
few examples of special types of presses will be sufficient. 

Vertical hand presses ,—The main principle in most 
vertical hand presses is the same, namely, that of a horizontal 
“platen” or bottom table which moves upwards inside a 
closed box and presses the hay against the top of the box. 
Differences of detail lie mainly in the gear which operates 
the movable platen. 

Of the various type of hand presses which have found 
practical trial in India the one which, has proved most satis¬ 
factory is the Irani press* (see Plate XXVI, fig. 1). 

This press is made up of two parts, (1) the body, which 
is made of wood and is meant to receive the hay for pressing 
and (2) the machinery, which is all iron, fitted on the top of 
the body. The press is made in two sizes, of which the 
larger is generally used, having been proved to be more 
economical in every way. The bales turned out of the larger 
sized presses measure 4 feet in length by 2 feet broad and 2| 
feet to 8 feet high, and weigh on the average 180 lbs. each" 
the density being 7\ to 9 lbs. per cubic foot. The bales of 
the smaller size weigh 100 lbs. each, the dimensions being 
proportionately smaller. The larger press costs E500 and 
weighs about 20 cwts. and the smaller jrness costs R400 and 
weighs about 16 cwts. 

The body of the press has two openers at the sides, open- 
ing outwards on wooden hinges, for packing hay in; these are 
closed and held in j)Osition by iron catches at the to|) corners 
before the machinery is put in motion. The top is rigidly 
secured to the body. A bottom table or platen is provided 
inside the body by the lifting of which, with the aid of the 
machine gear at the top, the grass in the body is pressed be¬ 
tween it and the top. The body is sunk in the ground to the 

*This press, obtainable from Messrs. Richardson and Cruddas, Bombay, is the inve ntion 
of Mr- H- Irani, of the Bombay Forest Department, 
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o f the hinges, or an elevated platform is erected at the 
same level, to facilitate the loading of the hay into the press. 

.... T £ e nmchme gear consists of a specially designed winch 
with handles operating geared spur wheels by" which the 
power- is multiplied and transmitted to the barrel of the 
winch The barrel has right and left hand spiral grooves 
formed on its circumference. To this barrel are attached 
flexible steel wire ropes which ride on the spiral grooves men¬ 
tioned,_ and which gradually converge towards the centre 
Lhe wire ropes on leaving the barrel are carried over the 
sheaves of a pair of double or treble sheaved pulley blocks 
secured rigidly to the ends of the top and of the vertically 
moving bottom table. Thus the hand power when applied 
to the winch operates the wire ropes and draws up the bottom 
table truly horizontal until the hay is sufficiently compressed 
When this has been doue the pawl engages with the ratchet 
wheel and prevents the slacking back of the wire ropes when 
the power is no longer operating. The wire ties are then 
fixed on the pressed bale (for which grooves are provided in 
the bottom table and the top), the pawl is released from o-ear- 
mg with the ratchet wheel, and the ropes are then allowed to 
slack back by means of a band brake worked through a lover 
which controls the descent of the bottom table and releases 
the pressed bale, which is then removed, and the operation 
recommences. 1 

The press is worked by two men, with the aid of 2 more 
men who help m feeding the body with grass, in bindine 

wire ties, etc. The outturn is 8 to 10 bales per hour. ° 

One of the commonest of the old typo of presses consists 
of the body with openers and the bottom table as in the 
Irani press but has no winch arrangement, the bottom table 
being lifted up by means of two separate sets of gear worked 
with levers, each set being fitted on the opposite sides of the 
press. The set of gear consists of a double ratchet wheel 
with a grooved recess between to receive the links of a steel 
chain, the ratchet wheol being operated by a wooden lover 

worked up and down. A catch is provided to keep the 
en.tol.ol wbool .u poeitiAh so os to pi-ovent tl»e chain slacking 

lm f k ' The chain from tin- ratchet wheel is carried round a 
pan- of sheaves secured rigidly to the bottom table, which is 

.il u-jl upwards us the levev operate* and tbe chain la pullo.1 
up throu-U the grooves of the ratchet wheel. There are many 

deled' in tins typo of press, which have been eliminated in the 
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Irani press, The bottom table, being worked by separate 
systems of gear at each end, seldom moyes horizontally, and 
frequently jams, causing delay or breakage. The gear itself 
is unsatisfactory, there being much wear and tear on the 
teeth of the ratchet wheels, which are liable to break. The 
size and weight of bales turned out by these presses is the 
same as in the Irani press, but hardly six' bales are turned 
out per hour even when the presses work smoothly. Other 
types of presses dispense with the chains and wheels, the 
bottom table-being raised by levers working in vertical racks. 

Horizontal hand presses .—A simple type of horizontal 
press is that shown in Plate XXVI, fig. 2. The press con¬ 
sists ot two compartments with doors opening at one side. 
In the diagram the door of the left-hand compartment is 
shown closed and that of the right-hand compartment open. 
The pressing force is applied by means of a couple of handles 
which turn cog-wheels engaging on a toothed bar having a 
movable platen at each end. The bar is moved alternately 
backwards and forwards so that while pressure is exerted in 
one compartment it is released in the other. Each compart¬ 
ment is thus filled with hay in turn, and a bale is pressed in 
each alternately. In the diagram the left-hand compartment 
contains pressed hay and the right-hand compartment loose 
hay. 
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with . 


289 

Coopers’ wood. 

91 

Chloride of zinc, Impregnation 


Copra . . , 
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„ capsularis . 

167 

„ olitorius 

167 

C or cl ia frag r anti ss i ma 

. . 56 

,, Macleodii 

. . 85 

„ Myxa 

. 105, 167, 209 
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201 

Euphorbiacece 

. . 189, 190 

Evodia fraxinifolia 

40,100 

„ inelicefolia 

\ . 104, 108 
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Fish- poisons . , 

. . 201 

Fishing-rods , 
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„ dew .... 218 
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78 
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„ Wightiana 
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Indigo .... 
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Ischoemum angustifolium 
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Keersal 
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182 

,, Bengal 

181 

Kitul libre . 

168 

Knottiness 

59 

Kokaiu butter 
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Many if era indica . 

18, 24, 31, 42, 
47, 52, 53, 54, 
56,78,80,82,83, 
86 , 89, 93, 101, 
107, 111, 183 
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Myristica malabarica 
Myrica Nagi 
Myrsine semiserrata 
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Olea dioica . 

, 56 

„ ferruginea 79,8 
164 

95, 105,106, 108, 

Oleo-resins . . 

. 178,188 

Oleum nigrum 

. 170 

Open tank impregnation 

294 

Opium cliests . 
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Picea Morinda 15,19, 27, 47. 50, 68 , 87, 


100, 101, 103, 104, 111, 
281 
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Ptereospcrmum acerifolium 21, 27. 100, 

164. 209 

„ rubiginosum . 81 

,, semisagittatum 100 

P terocarpus dalbergioides 18, 21 , 24, 81, 

40, 46, 53, 54, 

68 , 69, 78, 81, 

84, 87, 88 , 89 

90, 91, 92, 93. 

90, 104, 105. 

„ indious , . 18,21 

„ macrocarpus 18, 21 , 27, 80, 

40, 46, 50, 64, 

65, 66 , 68 , 70, 

87, 88 , 89, 90, 

91, 94, 96,108, 
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31, 40, 42, 46, 50, 

Rattans 
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53, 54, 68 , 70, 73, 

Red rot 
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81, 82, 87, 88 , 89, 

Resin . 
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90, 91, 93,96,103, 

„ ducts 
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106,112, 164,179, • 

„ tapping . 
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Rhea fibre 
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54, 68 , 70, 87, 96, 
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Pueraria tuberosa 

203 

Punica Qranatum 

. . 174 

Purchase contract 

240 

Purchasers, Extraction by . 238 

Putranjiva Roxburghii . 164, 205, 210 

Pweiiyot dammar 

181 

Pyinkado (see also Xylia dola- 

briformis) 

72, 73 

Pyroligaeous acid 
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Pyrus 

202 

„ communis 

109 

„ lanata 

100 

„ Pashia 

105, 106, 109 
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Qu,rcus 

40. 47, 56, 103, 111 , 164 

„ dilatata 

15,18, 21 , 27, 32, 50, 68 , 


92,93 
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incana 15,18, 21 , 32, 50, 55, 63, 
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lamellosa 
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semecarpifolia 15. 18, 21, 27, 31, 
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semiserrata 


Quinine 


93 

199 


Rah cultivation . 
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Radial-shake , 

58 

Railway carriages and waggons 

90 

„ sleepers 

72 

Rajmnhal fibre 

167 

Ramie fibre 

Rand i a 

u dumetorum . 
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96 
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Hhisophora mucronata 
Rhododendron arboreum 

„ cinnabarinum 
Rhus Cotinus . 53 

„ mysorensis 
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Rhynchodia Wallichii 
Rice-pounders 
Ricinus communis . 
Rindgalls 
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Rosa . 

„ moschata 
Rosin . , 

„ Manufacture of 
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Royalty, Salo by 
Rubber 

Rubia cordifolia , 

Rubiacece 

Rub us , 

Rudraksba 
Riipiiig process 
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Sal ( see also Shorea robusta ) 3 
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Sal butter . 

. . 170 

Sale, Methods of . 

. . 231 

Salix . . 

. . 99, 164, 205 

,, alba . . 

108 

a babylonica 

. . 103 

» tetrasperma 

, 22, 100, 103, 111 

Sal resin . , 

. . 181 

Salvadora . . 

44, 52 

,, oleoides 

81 

Sampans 

83 

Sandalwood (see also Santalum album ) 56 


267. 

„ oil 

. . 176 

„ ., Manufacture of . 267 

Santalin . . 

173 

Santalum album 18, 21, 52, 54, 56, 87, 96, 

107, 

Sapindus emaryinatus 

176, 267 

209 

„ trifoliatut 

29 

Sapium indicum 

201 

„ insigne 

47,10G 

,, sebiferum 

170 

Sapotacp.ee 

190 

Sapwood 

. . 5 

Sarcocephalus cordatus 

54, 100 

Saussurea Lappa . 

200 

Sawdust 

110 

Sawmills 

142 

Saws 

119 

Scantlings, Sawing of 

140 

Schima Wallichi 18, 21, 31, 40, 47, 54, 56, 
68 

Schleichera trijuga 8 , 

9, 18, 21, 31, 32, 40, 
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i , 44, 47, 52, 54, 78, 


88, 89, 90, 103,106, 
108, 109, 111, 164, 


169, 202, 211 

Schrebera swietenioides 

. 27, 107, 108 

ScitaminecB . 

201 

Season for felling » 

124 

Seasoning 

32 

Seed and bead industry 

210 

Semecirpus Anacardium 18, 22, 27, 40,210 

Semla gum 

180 

Senna . . 

200 

Sesbania 

167 

„ Afigyptiaca 

. . Ill 

Shafts 

. . 89 

Shearing, Kesistance to 

. 29 

Shellac 

211,214 

.Shells . 

. . 218 
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Shingles .... 104 

Ship-building ... 79 

Shooks .... ioi 

Shorea assamica ... 68 , 87 
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181, 209, 216 


„ Talura 

68 , 70, 71, 90, 211 

„ Tumbuggaia 

. 68 , 70, 90, 181 

Shoulder-poles 

93 

Shrinking 

34 

Si da . 

166 

Silk . 

215 

„ cotton . 

. . 168 

„ lac 

215 

Silver grain . 

5, 56 

Sisal fibre 

168 

Sledging 

137 

Sleepers 

72 

Sliding 

136 

Slow-matches 

209 

Sinoxylon anale . 

41 

Soapnut 

209 

Soda pulp 

285, 286 

Sola 

208 

Solignum 

. 291, 296 

Sonneratia apelala 

81,100, 101,102 

Soymida febrifuga 18, 20, 31, 42,46, 54, 55, 
56, 68 70, 78, 87, 172, 
183, 199 

Spatholobus Eoxburghii . 167, 183 

Spear-sbnfts 

. ‘ 93 

Specific gravity 

12 

Spices 

199 

Spilanthcs Acmelld 

201 

Spinning machines 

108 

„ wheels 

78 

Splitwood 

91 

Splitting 

36 

Spokes 

88 

Spondias mangifera , 

15,19, 22, 27, 81, 32, 
40, 47, 50, 54, 100, 
164, 202 

Sporting requisites • 
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Spring wood 
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Stacking of timber and firowood 145 
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Starchy products . 
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Steam hay presses . 
Stephegyne diversifolia 
,, parvifolia 

Sterculia 

,, alata . 

,, col or aid 
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. 300 
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. 47, 178, 179 
. 8,19, 22, 54 
19, 22,164, 166 
,, urens 18, 22, 56, 106, 112, 166 
„ villosa . 17, 19, 22, 26, 27, 50, 
101, 103,166, 183 

Sterculidcece . . . 166 

Stereospermum chelonoides . 54 

„ sudveolens . HI 

Steblus dsper . . 164, 167, 207, 209 

Strength .... 28 

Stromatium . 

Stumps, Extraction of 
Slrychnos Nux-Vomica . 

„ potatorum 

Styrax 

„ Benzoin 

„ serrulatum . 

SugaT-mills . 

Sugary sap . 

Sulphate of copper, Impregna 
tion with . . 

Sulphate pulp 
Sulphite pulp 

Sulphur process of impreguatio 
Summer-wood 

Sundri (see also Heritier 
minor) 

Sunn-hemp . . . 

Superstructures . , 

Surf-boats 
Swelling . . 

Stuertia Chirata . 

Siointonia SchtoencJcii . 

Symplocos cratcegoides , 

„ racemosa , 

„ 8picata . 

„ thecefolia 
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200 
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183 

183 
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288 
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65 
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199 
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Tamarix 
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„ articulata . 

. 51, 96,109, 111 

„ dioica 

183, 205 

„ gallica 

96 

Tannin extracts i 

4 . 277 

Tans 

171 

TaraTctogenos Kurzii 

* t 169 

Tars 

176 

Taxus baccatd 
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Tea-boxes 

40, 52, 89, 93, 94, 
97, 105 
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Teak (see also 

Tectona 

grandis) 

51, 66, 70, 73, 74, 
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Teak, tar 
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Technical properties of wood 
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„ Jici 211 
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Tamarindua indica , 18, 21, 42, 78, 81, 96, 

106,109, 200 


Hamiltoniana 

Tejpat 

Telegraph poles 
Tendor, Sale by 
Tension, Resistance 
Tent-pegs 
Teredo 
,, navalis 
Teri pods 
Terminalia 

„ Arjuna 

,, belerica 


lialata . 
Catappa 
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200 

70 

233 
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109 

39 
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Terminalia Chebula 

18,21, 47,55, 
68, 83, 90, 174, 
175 

„ myriocarpa 

83, 90 

„ Oliveri . 
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„ paniculata 

. 68, 71, 83 

tomentosa 

6, 15, 18, 21, 
27, 31, 40,42, 
47, 50, 53, 55, 
68, 69, 71, 73, 


78, 81, 82, 83, 
88, 89, 90,112, 
164, 172, 173, 


174 

Tetramelcs nudiflora 

19,22, 40, 83, 
89, 93, 100, 101 

Texture of woods 

55 

Thatching grasses . 

161 

„ leaves 

209 

Thespesia Larnpas 

166 

» populnea 

88, 89, 90, 91, 
105, 166, 175 

Thifcsi 

182 

Thrust-polo 

123 

TiliaceoB 

166,167 

Tiliacora racemosa , 

205 

Timber classification 

64 

Toddy-palm . 

204 

Tool-handles , 

106 

Toon (see also Cedrela Toona ) . 101 

Torsion, Resistance.to 

29 

Toys 

109 

Tracheids 

. 7 

Trametes Pint 

63 

,, raditiiperda 

63 

Transverse strain, Resistance 

to . 29 

Trema 
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„ orientalis . 

111 

„ politoria . 

209 

Trenails 

93 

Treicia nudiflora 

19, 40, 47, 93, 
100, 100 

Trigoona . , 0 

. 181 

Tufa 

225 

Turning 

94 

Turpentine , 

184 

>> Manufactui’e of 
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T yp7ia angustifolia 

206 

>' elephanfina 

162, 206 

Twisted fibre 
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TJUa grass 
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Ulmus 
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„ Wallichiana 


88, 164, 167, 209 

Unsoundness . 


62 

Urceola esculenta . 
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Urena lolata 
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Urticacece 
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Valeria indica 


181 

Veneers 


84 

Villebrunea . 
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Viscum . , 


62 

Vitex 
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„ glabrata 


82, 100 

„ Negundo 


205 

„ trifolia 
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Vitiveria zizanioides 


161 
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Wages 
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Walking-sticks 
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Wallichia 
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,, disticha , 
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Walsura piscidia . 
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Warping 


34 

Waterlogging 


• 34 

Water, Timber used in 

ontact 

with 
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Wattle bark . 
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Wavy wood . 
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Wax 
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Weaving machines . 
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Wedges 
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Weight of wood 
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Wheels 


88 

White rot 
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Wholesale system of sale 
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Wightia gig ant ea 


22 

Wood cells 
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„ fibres 
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Woodfordia floribunda 
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Wood oil 
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„ palp . 
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„ vessels . 
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„ wool 
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